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METHODS OF SCREENING NUCLEJC ACIDS USING MASS 

SPECTROMETRY 
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Technical Field 

.Hiis invention^Ia^ gen6raUy to methods for screening nucleic acids for 
mutations by analyzing fragmented nucleic acids using inass 
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INTRODUCTION 

Approximately 4.000 human disorders arc attributed to genetic causes. 
Hundreds of genes responsible for various disorders have been mapped, and 
sequence information is being accumulated rapidly. A principal goal of the 
Human Genome Project is to fmd all genes associated with each disorder. The 
definitive diagnostic test for any specific genetic disease (or piedisposiuon to 
disease) will be the identification of mutations in affected cells that result in 
alterations of gene function. Furthermore, response to specific medications may 
depend on the presence of mutations. Developing DNA (or RNA) screening as a 

practical tool for medical diagnostics requires a method that is inex^ 
accurate, expeditious, and robust. 

Generic mutations can manifest themselves in several forms, such as point 
mutations where a single base is changed to one of the three other bases, 
deletions where one or more bases are removed from a nucleic acid sequence and 
the bases Hanking the deleted sequence are directly linked to each other, and 


. <5 


10 


15 


20 


25 


30 


wo 97/33000 

PCT/US97A)3499 

2. 

insertions where new bases are inserted at a panicular point in a nucleic acid 
sequence adding additional length to the overall sequence. Urge iiisertions and 
deletions, often the result of chromosomal recombination and rearrangement 
events, can lead to partial or complete loss of a gene. Of these fonns of mutation 
in general the most difficult type of mutation to screen for and detect is the point 
mutation because it represents the smallest degree of molecular change. The term 
mutation encompasses aU the above-listed types of differences from wild type 
nucleic acid sequence. WUd type is a standard or reference nucleotide sequence to 
which variations are compared. As defined, any variation from wild type is 
considered a mutation including naturaUy .o««rring sequer^ce^polymoiphisms. ' 
Although a number of genetic defects can be linked to a specific single 

point mutation within a gene, e.g. sickle ceU anemia, many are caused by a wide 
.spectrum of different mutations throughout the gene. A typical gene that might be 

screened using the methods described here could be anywhere from 1.0ob to 
VlOO.OOOclx«es in length, tfe^ 

of DNA. only a fraction of the base pairs acmally encode the protein. These 
discontinuous protein coding regions are called exons and .the remainder of the 
gene is referred to as introns. Of these two types of regions, exons often contain 
the most important sequences to be screened. Several complex procedures have 
been develop«i for scanning genes in order to detect mutations, which are 
applicable to both exons and introns. 

Gel EIegftPPhorr^> : Several of the procedures described below use some form of 
gel electrophotesis. Therefore it is worthwhile to briefly consider this separation 
technology before proceeding to the specific methods. In terms of current use, 
most of the methods to scan or screen genes employ slab or capfllary gel 
electrophoresis for the separation and detection step m the assays. Gel 
electrophoresis of nucleic acids primarily provides relative size information based 
on mobiUty through the gel matrix. If calibration standards are employed, gel 
electtophoresis can be used to measure absolute and relative molecular weights of 
large biomolecules widi some.moderate degree of accuracy: even then typically the 
accuracy is only 5% to 10%. Also the molecular weight resolution is limited. In 
cases where two DNA fragments with identical number of base pairs can be 
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separated, using high concentration polyacryiamide gels, it is still not possible to 
identify which band on a gej corresponds to which DNA fragment without 
performing secondary labeling experiments. Gel electrophoresis techniques can 
only determine size and cannot provide any information about changes in base 
composition or sequence without perfonnmg more complex sequencing reactions 
Gel-based techniques, for the most pan. are dependent on labeling methods to 
visualize and discriminate between different nucleic acid fragments. 

DNA Seque^icmp : Tlie principal approach currently used to screen for gehedc 
mutations is DNA sequencing. Sequencing reactions can be performed to screen 
the full genetic target base by base. This process, which can pinpoint the exact 
location and nature of mutation, requires, labeling DNA. use of polyacrylamide 
gels, and a muIdpUcity of reactions to assess all bases over the length of a gene, 
sOl of which aie^o^^^ 

Sequencing of the p53 Gene Provides Prognostic Information in Breast Cancer 
Patients, Particularly in Relation to Adjuvam Systemic ^^t^^ 
Radiotherapy.- Nature Medicine 1. 1029 (1995)1 

For DNA sequencing, nucleic acids comprising different exons or small clusters of 
exons are individually ampUfied. often using polymerase chain reaction (PGR). 
The amplifications arc normally performed separately although some multiplexing 
of reactions is. possible. The amplified nucleic acids typically range from one 
hundred to several thousand bases in length. Following ampUfication. the PGR 

products can serve as templates for standard dideoxy-based Sanger sequencing 
reactions. The four different sequencing reactions are run (or for fluorescence 
detection, one reaction with four different dye terminators) and then analyzed by 
pbly;.^rylamide gel electrophoresis. Each sequencing run yields about 300 to 600 
bases of sequence which typically must be read with at least a two to three-fold 
redundancy in order to assure accuracy. Using slab gel. the analysis process 
30 typically takes several hours. 
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SSCP: The single strand conformational polymorphism assay takes advantage of 
structural variation within DNA that results from mutation. The method involves 
folding the single-stranded form of a given nucleic acid sequence into a 
thermodynamically directed secondary and tertiary strucmre. In most cases, 
mutated sequences form different structures than the wild type sequence, thus 
permitting separation of mutated and wild type sequences by gel electrophoresis. 
Like sequencing, this assay is complicated by the need to label molecules and nm 
polyacrylamide gels. In a typical case, mutations can be located within a general 
range of 50 to 200 base paib, but the exact nanire of the imitation cannoi be . ; 
identified. [M. Orita et al., "Detection, of Polymorphisms of Human DNA by Gel 
Hectrophoresis as Single-Stranded Confoimation Polymorphisms," Proc. Natl. 
Acad. Sci. USA 86. 2766 (1989)] 


> PGQE: IJke SSCP, denaturing gradient gel electrophoresis assays also 
differeritiate based on structural variation, but require die use of gradient gels. 

-which are difficult to prepare. The different thermodynamic stability of structures 
formed by the mutant sequence, as opposed to wild, type, lead to differences in the 

ten^jeranue and/or pH at which the molecule will denature. DGGE mutation 
identification and localization properties are similar to those for SSCP though 
sensitivity is higher for DGGE because not all mutations cause the structural 
changes that the SSCP method depends upon for detection. [E.S. Abrams, S.E. 
Murdaugh & L.S. Lenoan. "Comprehensive Detection of Single Base Changes in 
Human Genomic DNA Using Denaturing Gradient Gel Electrophoresis and a GC 
Clamp," Genomics 7, 463 (1990)] 

EMC: Enzyme mismatch cleavage utilizes one or more enzymes that are capable 
of recognizing interruptions in base pairing within a double-stranded nucleic, acid 
molecule, e.g. base-base mismatches, bulges, or internal loops. A given length of 
DNA or RNA is prepared in heterozygous form, with one strand composed of 
wild type nucleic acid and the other strand containing a potential mutation. At the 
specific site where the mutation forms a mismatch with the wild type sequence, a 
structural permrbation occurs. An enzyme such as T4 endonuclease VII. RuvC, 


wo 97/33000 

PCT/US97/03499 

5. 

RNase A. or MutY. can recognize such a scrucmral perturbation and can site- 
specifically cut the double-stranded nucleic acid, creating smaller molecules whose 
sizes indicate the presence and location of the mutation. As with the previously 
discussed methods, this approach as currently used, also requires labeling and gel 
electrophoresis. With this method, the site of mutation can be localized to within 
a few base pairs but the exact nature of the mutarion cannot be determined. [R. 
Youil. B.W. Kemper & R.G.H. Conon, "Screening for Mutations by Enzyme 
Mismatch Cleavage with T4 Endonuclease Vn." Proc. Natl. Acad. Sci. USA 92, 

•:■ 87 (1995)1 . -..^ ..r' :'"'■] V-V ■ 

QCSd: A variation of EMC is to replace the enzymatic cleavage step with chemical 
cleavage. Chemical cleavage mismatch analysis involves the use of leagenis such 
as osmium tetroMde to leart wim thymine residues or hydroxylamine 

*° «»« Willi mismatched cytosine residues. • Cleavage of. the modified mismatched 
residues occurs when the modified bases are subsequently treated with piperidine 
or another oxidizing agent. The effectiveness of thc-method is similar to EMC. 
[J. A, Saleeba & R-G.H. Cotton. "Chemical Cleavage of Mismatch to Detect 
Mutations." Methods in Enzymology 217 . 286 (1993)] 

Hybridization Arrays : Several approaches to screening for mutations involve the 
probing of a target nucleic acid by an array of oligonucleotides that can 
differentiate between normal wUd type nucleic acids and mutant nucleic acids. 
These arrays involve the performance of hundreds or thousands of hybridization 
reactions in paraUel with different site-directed oligonucleotides and requires 
sophisticated and costly probe arrays. Hybridization arrays can identify the 
location and type of mutation in many, but not all cases. For exanqjle, 
semihomologous sequential insertions or targets with repeating sequences and/or 
repeating sequential motifs cannot be analyzed by hybridization. [A.C. Pease et 
al.. "Ught-Geneiatcd Oligonucleotide Arrays for Rapid DNA Sequence Analysis." 
Proc. Natl. Acad. Sci. USA 91. 5022 (1994)] 
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Simple screens: For mutations localized within a given gene, such as the cystic 
fibrosis AF508 deletion, it is also possible to perform a single PGR or ligase chain 
reaction (LCR) assay or simple hybridization assays tailored to these specific sites. 
PGR and LGR results are presently determined by the use of labeled molecules, 
where radioactive emissions, fluorescence, chemiluminescence or color changes 
are detected directly. These simple screens amount to a yes/no answer and do not 
directly identify the nature of the mutation, only whether or not a reaction took 
place. [P. Fang ct al,, "Simultaneous Analysis of Mutant and Normal Alleles for 
Multiple Cystic Fibrosis Mutations by the' Ligase Chain Reaction, " Human • 
Mutation 6. 144 (1995)] 

All of the methods in use today capable of screening broadly for genetic 
mutations suffer firom technical complication and are labor and time intensive. 
There is a need for new methods that can provide cost effective and expeditious 
means for screening genetic material in an effort to -red medibal expenses. The 
inventions described here address these issues by ^developing novel, tailor-made 
pcocesses that focus on the use of mass spectrometry as a genetic analysis tool. 
Mass spectrometry requires minute samples, provides extremely detailed 
information about the molecules being analyzed including high mass accuracy, and 
is easily automated. 

The late 1980 's saw the rise of two new mass spectrometric techniques for 
successfully measuring the masses of intact very large biomolecules, namely, 
matrix-assisted laser desorption/ionization (MALDI) time-of-flight mass 
spectrometry (TOF MS) [K. Tanaka et al., "Protein and Polymer Analyses up to 
m/z 100,000 by Laser Ionization Time-of-flight Mass Spectrometry." Rapid 
Commxm. Mass Spectrom. 2, 151-153 (1988); B. Spengler et al., "Laser Mass 
Analysis in Biology," Her. Bxinsenges. Phys. Chem, 21, 396-402 (1989)] and 
electrospray ionization (ESI) combined with a variety of mass analyzers [J. B. 
Fenn et al.. Science 246, 64-71 (1989)]. Both of these two methods are suiuble 
for genetic screening tests. The MALDI mass spectrometric technique can also be 
used with methods other than time-of-flight, for example, magnetic sector, 
Fourier-Transform, ion cyclotron resonance, quadropole, and quadropole trap. 
One of the advances in MALDI analysis of polynucleotides was the discovery of 
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3-hydroxypicoliiiic acid as an ideal matrix for mixed-base oligonucleotides. Wu, 
et al.. Rapid Comm'ns in Mass Spectrometry, 7:142-146 (1993). 

MALDI-TOF MS involves laser pulses focused on a small sample plate 
comprising analyte molecules (nucleic acids) embedded in cither a solid or liquid 
matrix comprising a small, highly absorbing compound. The laser pulses transfer 
energy to the matrix causing a microscopic ablation and concomitant ionization of 
the analyte molecules, producing a gaseous plume of intact, charged nucleic acids 
in single-stranded form. If double-stranded nucleic acids are analyzed, the 
MALDI-TOF MS typicaUy results in mostly denamred single-strand detection. 
The ions generated by the laser pulses are accelerated to a fixed kinetic energy by 
a strong electric field and then pass through an electric field-fice region in vacuum 
in which the ions travel with a velocity corresponding to their respective mass-to- 
charge ratios (m/z). The smaller m/z ions will travel through the vacuum region 
rfiaster^thatt the larger in/z^:^ 

electric field-firee region, the ions collide with a detector that generates a si^ as 
each set of ions of a particular mass-to-chaigc ratio strikes the detector. Usually 
for a given assay, 10 to 100 mass spectra resulting from individual laser pulses are 
sunmicd together to make a single composite mass spectrum with an improved 
signal-to-noise ratio. 

The mass of an ion (such as a charged nucleic acid) is measured by using 
its velocity to determine the mass-to-charge ratio by timc-of-flight analysis. In 
other words, the mass of the molecule direcdy correlates with the time it takes to 
travel from the sample plare to the deteaor. The entire process takes only 
microseconds. In an automated apparams. tens to hundreds of samples can be 
analyzed per minute. In addition to speed. MALDI-TOF MS has one of the 
largest; mass ranges for mass spectrometric devices. The current mass range for 
MALIJI-TOF MS is from 1 to 1,000,000 Daltons (Da) (measured recently for a 
protein). [R. W. Nelson et al., "Detection of Human IgM at m/z ~1 MDa." 
Rapid Conunun. Mass Spectrom. 9, 625 (1995)] 

The performance of a mass spectrometer is measured by its sensitivity, 
mass resolution and mass accuracy. Sensitivity is measured by the amount of 
material needed; it is generally desirable and possible with mass spectrometry to 
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work with sample amounts in the femtomole and low picomole range. Mass 
resolution, m/Am, is the measure of an instrument's ability to produce separate 
signals from ions of similar mass. Mass resolution is defined as the mass, m, of a 
ion signal divided by the full width of the signal. Am, usually measured between 
points of half-maximum intensity. Mass accuracy is the; measure of error in 
designating a mass to an ion signal. The mass accuracy is defined as the ratio of 
the mass assignment error divided by the mass of the ion and can be represented 
as a percentage. 

To be able to detect any poim miim 
spectrometry, one would need to resolve and accurately measure the masses of 
nucleic acids in which a single base change has . occurred (in comparison to the 
wild type nucleic acid). A single base change can be a mass difference of as little 
as 9 Da: This value represents the difference between the two bases with the 
^^^^^^v : and T; (A- = 2'-dcoxyadenosine-5*-phosphate = 313.19 Da; 

15 T = 2'-ded;rjrthymidine-5'-phosphate = 304.20. Da; G = 2'-deoxyguanosxne-5*- 

phosphate = 329.21 Da; and C = 2'-deoxycytidine-5 '-phosphate = 289.19 Da). 
If during the mutation process, a single A changes to T or a single T to A. the 
mutant nucleic acid containing the base transversion will either decrease or 
increase by 9 in total mass as compared to the wild type nucleic acid. For mag^ 
20 spectrometry to directly detect these transversions, it must therefore be able to 

detect a minimima mass change. Am, of approximately 9 Da. 

For example, in order to fiiUy resolve (which may not be necessary) a 
point-mutated (A to T or T to A) heterozygote 50-base single-stranded DNA 
fragment having a mass. m. of - 15,000 Da firom its corresponding wild type 
25 nucleic acid, the required mass resolution is m/Am = 15,000/9 = 1,700. 

However^ the mass accuracy needs to be significantly better than 9 Da to increase 
quality assurance and to prevent ambiguities where the measured mass value is 
near the half-way point between the two theoretical masses. For an analyte of 
15,000 Da, in practice the mass accuracy needs to be Am - ±3 Da = 6 Da. In 
30 this case, the absolute mass accuracy required is (6/15,000)^100 = 0.04%. Often 

a distinguishing level of mass accuracy relative to another known peak in the 
spectrum is sufficient to resolve ambiguities. For example, if there is a known 
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mass peak 1000 Da from the mass peak in question, the relative position of the 
unknown to the known peak may be known with greater accuracy than that 
provided by an absolute, previous calibration of the mass spectrometer. 

In order for mass spectrometry to be a usefiil tool for screening for 
mutaucns in nucleic acids, several basic requirements need to be met. First, any 
micieic acids to be analyzed must be purified to the extent that minimizes salt ions 
and other molecular contaminants that reduce the intensity and quality of the mass 
spectrometric signal to a point where either the signal is undetectable or 
unreliable. or the mass accuracy and/or resolution is below the value necbssary to ^ 
detect single base change mutations. Second, the size of the nucleic acids to be 
analyzed must be within the range of the mass spectrometry-where there is the 
necessary mass resolution and accuracy. Mass accuracy and resolution do 
significantly de^ as the mass of the analyte incn;ases; currenUy this is ^ V ;-^ 
■especiaUy. significant a^^^ 

bases) Third, because all molecules within a sample .are; visualized during mass 
spectrometric analysis (i.e. it is not possible to selectively label and visualize' 
certain molecules and not others as one can with gel electrophoresis methods) it is 
necessary to partition nucleic acid samples prior to analysis in order to remove 
unwanted nucleic acid products from the spectrum. Fourth, the mass 
spectrometric methods for generalized nucleic acid screening must be efficient and 
cost effective in order to screen a large number of nucleic acid bases in as few 
steps as possible. 

The methods for detecting nucleic acid mutations known in the an do not 
satisfy these fotir requirements. For example, prior art methods for mass 
spectrometric analysis of DNA fragments have focussed on double-stranded DNA 
fragments which result in complicated mass spectra, making it difficult to resolve 
mass differences between two complementary strands. See, e.g.. Tang et al.. 

R^id Comm'n. in Mass Spectrometry, 8:183-186 (1994). 

Thus, there is a need for cost and time effective methods of detecting 

generic mutations using mass spectrometry, preferably MALDI or ES, without 

having to sequence the genetic material and with mass accuracy of a few parts in 

10.000 or better. 
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SUMMARY OF THE INVEIVTION 
The present invention provides methods of and kits for detecting mutations 
in a target nucleic acid comprising noniandomly fragmenting said target nucleic 
acid to form a set of nonrandom length fragments (NLFs). determining masses of 
members of said set of NLFs using mass spectrometry, wherein said detennining 
does not involve sequencing of said target nucleic acid. 

In a preferred embodiment, the method of detecting mutations comprises 
obtaining a set of nonrandom length fragments in single-stranded form. The 
masses of the members of the set of NLFs can be compared with "the kno wn or 
predicted masses of a set of NLFs derived from a wild type target nucleic acid that 
is the wild type version of the target nucleic acid that is being screened for 
mutations. The members of the set of single-stranded NLFs can optionally have 
one or more nucleotides replaced with mass-modified nucleotides, including mass- 
modified nucleotide analogs.-;Another:oprionaJ aspect^^;the; the ! 
mchision of internal calibrants or internal self^alibranis im the sist^of nonrandom 
length ficagments to be analyzed by mass spectromeny to provide improved mass 
accvxacy. 

The present invention mcludes a number of nonrandom fragmentation 
techniques for nonrandomly fragmenting a target nucleic acid. 

In one embodiment, the nonrandom fragmentation technique comprises 
hybridizing a single-stranded target nucleic acid to one or more sets of 
fragmenting probes to form hybrid target nucleic acid/fragmenting probe 
complexes con^rising at least ope double-stranded region and at least one single- 
stranded region, nonrandomly fragincnting said target nucleic acid by cleaving said 
hybrid target nucleic acid/fragmenting probe complexes at every single-stranded 
region with at least one singlc-sttand-specific cleaving reagent to form a set of 
NLFs. The set of fragmenting probes can leave single-stranded regions between 
double-stranded regions formed by hybridization of said set of fragmenting probes 
to said target nucleic acid. A single-stranded region comprises a ponion of a 
polynucleotide sequence as small as a single phosphodiester bridge, i.e. the 
phosphodiester bond across from a nick, to 450 nucleotides in length. 
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The fragmenting probes are oligonucleotides that are complementary to a 
nucleotide sequence of the target nucleic acid. A set of fragmenting probes can be 
created such that the nucleotide sequences of the members of the set of 
fragmenting probes represents die entire complement to the nucleotide sequence of 
the target nucleic acid. For example, a set of fragmenting probes can provide 
complete complementary sequence to the target nucleic acid. Alterrutively a set 
of fragmenting probes, when hybridized to the target nucleic acid, can leave 
smgle-stranded regions. Also, one or more sets of fragmenting probes can be 
used such that the members of one set of fragmenting probes contain nucleotide 
sequences that overlap with nucleotide sequences of members of a second set of 

fragmenting probes. In yet another aspect, there are provided two sets of 
fragmenting probes. Where members of the second set of fragmenting probes 
. comprise at least onc^^^^^^ 

. •^S"'"^ °^^:tailget nucleic,acid t^ 
.sequences in any members of said fust set of fragmenting probes. 

Once the set(s) of fragmenting probes are hybridized to the target nucleic 
aod, the single-stranded regions axe cleaved using single-strand-specif.c c'leaving 
. reagents^^ enzymatic reagents as. weU as chemical reagents. Single-strand 

specific chemical cleaving reagents include hydroxylamine. hydrogen peroxide, 
osmnim tetroxide. and potassium permanganate. 

Yet another nonrandom fragmentation technique comprises providing a 
smgle-stranded target nucleic acid, hybridizing the single-stranded target nucleic 
acid to one or mon. restriction site probes to form hybridized target nucleic acids 
comprising double-stranded regions where said restriction site probes have 
hybridized to said single-stranded target nucleic acid and at least one single- 
stranded region, nonrandomly fragmenting the hybridized target nucleic acids 
usmg one or more restriction endonucleases that cleave at restriction sites within 
■ the double-stranded regions. Another variation on this technique involves use of 
umversal restriction probes comprising two regions, the first region being single- 
stranded and complementary to a specific site within the target nucleic acid and 
the second region being double-stranded and containing the restriction recognition 
sue for a particular class IIS restriction endonuclease. Class IIS restriction 
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endonucieases cleave double-stranded DNA at a specific distance from their 
recognition site sequence. 

Another technique for nonrandora fragmentation comprises fragmenting the 
target nucleic acid with one or more restriction endonucieases to form a set of 
NLFs. This and the other forms of nonrandom fragmentation can be combined 
with direct and indirect capture to a solid support to isolate single-stranded NLFs 
for mass spectrometric analysis. 

Another nonrandom fragmentation technique comprises providing 
conditions pcroiittmg folding of said single-stranded target liicleic acid to fom a 
three-dimensional structure having intramolecular secondary and tertiary - 
interactions, and nonrandomly fragmenting said folded target nucleic acid with at 
least one sffucmre-specific endonuclease to form a set of single-stranded NUFs. A 
set of nonrandom length fragments can comprise a nested set of NLFs, wherein 
^ each tneniber of the set has a Slrcnd of the target mcleic acid. ;:The structure- 
specific endonucieases usefid for nonrandom fragmentation comprise any ^^m^ 
that cleave at strucmral transitions within nucleic acids, including: Holliday 
junctions, single-strand to double-strand transitions, or at the ends of haiipin 
strucmics. 

Another nonrandom fragmentation method comprises muution-specific 
cleavage by hybridizing a target nucleic acid to a set of one or more wild type 
probes and specifically cleaving at any regions of nucleotide mismatch or base 
m is m atch that form between the target nucleic acid and a wild type probe. The 
mutation-specific cleavage can be accomplished using a mutation-specific cleaving . 
reagent comprising structure-specific cndonuclease or chemical reagents. 

The nonrandom fragmentation methods described herein can be combined 
-to- form different sets or subsets of nonrandom length fragments. For example, 
the base mismatch nonrandom fragmentation method using wild type probes can be 
used in concert with a set of nonrandom length fragments that have already been 
creating using any one of the other nonrandom fragmentation methods. These 
nonrandom fragmentation methods can also be combined with isolation methods 
designed to isolate specific sets of single-stranded nonrandom length fragments, 
for example, only those NLFs derived from the 4- strand of the target nucleic 
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acid. The isolation methods include direct capture of the set of NLFs to a solid 
support or indirect capture of a set of NLFs to a solid suppon via a capture probe 
capable of binding to a solid support via covalent or noncovalent binding. The 
fragmenting, wild type, restriction site, and universal restriction probes described 
herein can be also be used as capture probes for isolating a particular set of NLFs. 

The isolation methods also comprise the use of a solution of volatile salts to 
wash away undesired contaminants from the set of NLFs intended for mass 
determination in the mass spectrometer. The volatile salts are useful for removing 
■ .bickgrrjund: noise and can be easily removed by evaporation of the volatile salts ' 
prior to mass spectrometric analysis. Volatile salt solutions can be used in a 
variety of different methods to prepare organic molecules such as nucleic acids and 
polypeptides for mass spectrometric analysis. . Thus, a method is described herein 
of decreasing background noise, wherein the method comprises obtaining a sample 
to be anal^ a sohitioa of 

volatile salts, and evaporating the solution of volatile salts from the sample. 

Tlie ftagmentation and isolation methods separately or together can also be 
combined with the use of internal self-calibrants to improve the mass accuracy of 
the mass spectrometric analysis. 

The above methods, separately or in combination, can also be combined 
with the use of mass-modified nucleotides and mass-modified nucleotide analogs 
incorporated in the target nucleic acid or a set of NLFs to improve mass resolution 
between mass peaks. 

Kits for detecting mutations in one or more target nucleic acids in a sample 
are also provided. In prcfcixed embodiments, such kits comprise one or more 
single-stranded target nucleic acids, one or more sets of oligonucleotide probes, 
wherein each of said probes is complementary to a portion of said single-stranded 
target nucleic acids, and various cleaving reagents, including single-strand specific 
cleaving reagents, restriction endonudeases (both Class U and Class HS). and 
muiadon-specific cleaving reagents. The oligonucleotide probes include 
fragmenting probes, restriction site probes, and wild type probes. Such kits can 
also contain a maurix. preferably 3-hydroxypicolinic acid. The kits may also 
contain volatile salt buffers, and buffers providing conditions suitable for the 
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enzymatic or chemical reaciions described above for nonrandomly fragmenting 
target nucleic acids and isolating nonrandom length fragments in preparation for 
mass spectrometric analysis. Additionally, the kits may contain solid supports for 
purposes of isolating nonrandom length fragments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. lA and IB display examples of resolved nucleic acid fragments 
(DNA) in the 20.000 to 30.000 Da range using MALDI-TOF mass spectrometry. 
Both HG. lA and IB are positive ion mass spectra obtained from 200 finoles 6f : 
DNA in 3-HPA (3-hydroxypicoIinic acid). Each spectrum is a sum of 100 laser 
pulses at 266 nm. FIG. lA: a single-stranded 72-mer which also shows a Ti- 
mer. The FWHM resolution is 240. clearly resolvm^ 

FIG. IB: 88-mer parent peak has a resolution of 330 
, FIG.-2 ,is a diagnin Uhisttcating'i^^^^ 

analysis of a nonrandomly.fragmenied,JdoubIe-stran^ 

FIG. 3 is a diagram iUustrating the expected mass spectrum for a 
nonrandomly-fragmented double-stranded target nucleic acid that is a heterozygous 
mix of wild type and mutant nucleic acid where the mutation is an A to T 
transversion. 

^° 4A and 4B illustrate the effea on mass resolution of a mass- 

substituted base where a T has been replaced by heptynyldeoxyuridine during 
amplification of the mutant region. HG. 4A depicts a mass spectra of a 

heterozygous mix of wild type and mutant where A has mutated to T. Spectral 
peaks are separated by 9 mass units. HG. 43 depicts a mass spectra of a 
heterozygous mix of wild type and mutant where A has mutated to T. T has been 
replaced by heptynyldeoxyuridine during amplification of the mutant region. 
Spectral peaks are now separated by 65 tnac<? umts. 

FIG. 5 is a diagram illustrating the affect of analyzing only positive strand 
fragments from a heterozygous sample in reducing the number of total fragments 
30 and simplifying the mass spectnim. 

FIG. 6 is a diagram illustrating the use of restriction site probes to produce 
nonrandom fragments from single-stranded target nucleic acid. Note that in the 
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3«P Of purifying nonrandon, .ength fragments, the sma„ cleaved probes will likely 
be removed during purification. 

FIG 7A and B il,u.„„ u,e of frag^ming probes in conjunction wiu, 
Single-soanti-specific endonuclease to produce «,„random fragments from single- 

Stranded target nucleic acid. 

FIG. 8 is a diagram illustrating the use of fragmenting probes in 
conjunction with single-strand-sneeifin h^o- „ ^ . 

S specific, base-specific chemical cleavage to produce 

nonrandom fragments from single-stianded target nucleic acid. 

, FIG. 9A and B iUustrate the use of fiagm^^ 
nomandom fragments from heterozygous, single-stranded target nucleic acid in 
combination with the use a mismatch-specific Cleaving r^^^^ 
the tai:get nucleic acid at the site of a mutation. 

niass ^metric 3^ 

double-stranded nucleic acids that W been^^d^ 
cleaved at any mismatch regions. 

FIG. 11 is a diagram mustrating the effect of analyzing only positive 
str^ fragments from a heterozygous sample in reducing the number of total 
fragments and simplifying the mass spect^m. In this case the positive strand has 
b.«n nonrandomly fragmented using both restriction endonuclease trcamiem and 

mismatch-specific cleavage. 

nc. 12 is a diagram fliuslrating dK use of stmcmres-spccific 

etxionucleases to nomandomly fagme« a folded. single,«randed tar^ 

acid. 

HG. 13A «,d B mustrate the use of a lull length capmre prohe to isolate 
and punfy a set of smgle-stranded nontandom length ftagments. Shown in HG 

13B as an option is a second step involving Cleavage a, mutation^fic 
mtsmatch. "Ons mismatch cleavage is particularly useW for cases where mutant 

UNA IS hybridized to wiJd type. 

FIG. 14 is a mass spectnm, of a se, of nonrandom length fragments ftom a 
target nucleic acid containing a mutation, wherein the target nucleic acid is 
nonrandomly fragmented with hydroxylamine followed by pipeddine. n.su,ti„g in 
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mutarion-specific cleavage at a mismatch. This mass spectrum illustrates the 
presence of a r^onrandom length fragment of 75 bases m size, that results from 
mutation-specific cleavage. 

FIG. IS is a mass spectrum illustrating hydroxylamine fragmentation of a 
wild type control of the mutation-containing target nucleic acid of Fig 14 This 
mass spectrum lacks a fragmetu of 75 bases in size due to the lack of a mutation 
m the wild type target nucleic acid. 

FIG. 16 is a mass spectrum of a mutation-containing target micleic acid 
10 mismatch, 

FIG. 17 is a mass spectrum of a set of 5 single-stranded nonrandom length 

. fragmems fh.m an ^^L Tdigest of a Wild type urget nucleic ad^ 
nucleotides in length. 

V nG.18 is a magnified mass spec^ ^ 
length, ideniical in nucleotide sequ«u:e except for a single G to A pomt mutation 
iUustratmg dear resolution of the two mass peaJcs. 


15 


20 


DESCRIPTION OF SPECIilC EMBODIMENTS 
The present invention, directed to methods of screening target nucleic acids 
to detect mutations using mass spectrometric techniques to analyze post- 
amplification nucleic acids, provides the advantages of technical ease, "speed and 
. high sensitivity (minute samples are required). The methods described herein 
yield a mimmal set of products with improved mass resolution and accuracy and 
detailed information about the nature and location of the 
25 mutation in the target nucleic acid. 

The present invention involves obtaining from a target nucleic acid, using a 
variety of nonrandom fragmentation techniques, a set of nonrandom length 
fragments (NLFs) and detennining the mass of tiu: members of the set of NLFs. 

The target nudeic add can be single-stranded or double-stranded DNA 
RNA or hybrids thereof, from any source, preferably from a human source 
although any source which one is interested in screening for mutations can be used 
m the metiiods described herein. When the target nucleic acid is RNA. tiie RNA 
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str^d. -n,. :ars« nucleic acid is jeneraily a nuCci. acid which mus, be . 

to deranine whether it contains a mutation -n, "'^ 
detived ftotn a wOd type sou " " T 7 -id 

type source is teferred to as a wild type target nucleic acirf 
The latset nucleic acids can be ohn.,WH r ■ 

-ids and can be producTft! . ' """" 

DC produced from the nucleic acid bv Pni? ,™ i • 

amplification technique The target n,, , • an^phfication or other 

directly hecause cuint "^'^ ^^^^'^ ^ '^'^ ^° 

accuracy and resolution necessa™ 

taser than ,00 base pairT^ " base change in molecules 

ftagniented. must be 

''^"''^■^^"Sn-n.s are nucleic acids d^^^^ / ! ; , . 

,fta*n«..at.on Of a tat^et n^^^^^^^ comprise regions <.~^ - 

«?uences that are singie-strandcd or double-sttatKled Due to^sT ' 

tesuits ^m tnass ana^sis or si.«..s.ran::'.rLr^^ 
^P^. n . preferred to de,ernu« ^ masses of sets of single-strap^ 
--^^ _f.a^. ^ P„_^ 

mutatio. ip 3 ta^e. nuC.ic ac^ ^' 

Tie ponrapdom ftagnrentation techniques of the invention are any methods 
of ftagmendng nucleic acids that provide , ^ my methods 

fra.m^ u . °o°midom length 

ftagments. where that set of nomapdom length ft,™ . 

obtained by using the same ponrandoTft!™ 

oucleic acid or its wild ,ype v^^^T"" "'^ °" "™ '^=- 
ft,--, -ype version. Tie methods used for nonrandom 

ftagmenlaoon are designed to ootimiit ,h- .„ 

data by obtailg a ra Je^ ""'"^ 

Of mass pealcs TTv= „ h -"''P 
- P«ks. nonrandom ftagmentaUon techrUques of the invention include 
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digestion with restriction endonucl^es. structure-specific endonucleases and 
specific Chemical cleavage. The enzymatic nonxandom fragmentation techniques 
mclude partial digestion with restriction endonucleases or structure-specific 
endonucleases. Partial cleavage occurs when not every possible cleavage site is 
cleaved by the cleaving reagents used, whether enzymatic or chemical. 

Fragmenting probes used in the invention are nucleic acids comprising a 
smgle-stranded nucleotide sequence or region that is complementary to a 
nucleotide sequence of a target nucleic acid. When fragmenting probes are also 
used as capture probes a,e, to bu^ tt^fr^grn^ 
nucleic acids hybridized thereto to a solid support), the fragmenting probes 
comprise a first binding moiety that is capable of binding to a second binding 
moiety attached to a solid support. Upon hybridization of a set of ftagmenting 
probes and a target nucleic acid, the hybrid can be noniandomly fragmented using 
; vOne or:inore,cleaving reagents that sp<^ ' 

Restriction site probes are oUgomicleotides that.wte^^^^ 
stranded target nucleic acid at specific complementary sequences forip complete 
double-stranded restriction cndonuclease recognition sices , cleavable using the 

restricuon endonuclease capable of deaving at or near the recop^^^ 
formed. 

Universal resniction probes comprise two regions, the first region being 
single-stranded and complementary to a specific sequence within the target mideic 
acid, and the second region being double-stranded and containing the restriction 
recognition site for a particular class US restriction cndonuclease, 

Capmre probes used in the methods described herein comprise fragmenting 
probes, restriction site probes, universal resttiction probes, and any nucleic acids 
that are bound to a solid suppon to isolate sets or subsets of nucleic acids or 
NLFs. Capmre probes can comprise a deavable linkage or cleavable moiety that 
can be selectively cleaved to release nucleic acids from a solid support prior to 
mass spectrometric analysis. 

WUd type probes are nucleic acids derived from a wild type nucleic acid 
sequence comprising at least one nucleotide sequence complementary to a 
nucleotide sequence of a target nucleic acid or a member of a set of NLFs. Wild 
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=o™pns,ng a wHd „u„ee«.e s=,ue„„ when hybridised I 
con,pl,.,n:a^ muu,io„-concai^„g region of a ^get nuCeic acid resul. i„ a base 
« bu,ge or .OOP „. wiid refers .o a sundard or referel^ 
™7"" " '"^""^ - —Marion 

pZz::;^ ""^^ ^ ~- ^'-'^ --'^ — 

-r^e ten. compiementao. refers „ u« fonnaoon of sufflcien, hydrogen 
, ^g ben^en cwcnucieic a«ds .o stabite, a doab,e-.™ded ,.c,eL^^ , 
s=qu=»» fonned by hybridization of d,e two nucleic acids 

^7''-^■^=^'=«'°""-P*« a ponion of a nucleotide sequence tha. 
IS capable of being sclectivelv k • . «=4"cncc mat 

« ^*'^'^'^*^ ^y ^"«^«^-sttand-speciric cleaving re^^^ 

pr structure-specific cmlonucleases wh^ . S «agents 

V w^iwein the portion of a nucleotide seoueuce 

across fiom a nick, to a nucleotide seauence ran™ ^ - 

^ '^S^g from one to 450 nucleotides 

Wb-ch are .0. hybridized to a con^i^entaty ..cieotidc^ s^^ 

MAT n^K^ ^Pecromeuy „«d in the invention include ESI or 

MAU>.. whereu. the MAI^I „ 

«gn.r^ ntuitipie charging of „oiecu,es in ES, and the fact that con.p,L nJl 

™ ™ ntean that the HS, n^ spectra wu, consL ofT 
r^rlT^ '^"^'^ "--apping and caustag coni^on. Because 

^ ^ '"'"^ "^-^ -ior pea.cs. 

this method is preferred. 

T^e methods described herein do not require sequencing of the target 
^i«c ac:d (using the sequencing methods that require four different base„ 

nucleic acid) in order to determine the namre and nn. r 

,h. ^ , . presence of a mutation within 

the target nucleic acid. wiuun 

For an initial nation screen, a useM range of ft.g„,ent sizes Uut wiu 
a.U,w detection of a point ntutation is around .0 to .00 bases. TlUs size range is 
Where n^s spectron-eu, presenfy has the necessa. ,eve, of ntass ^.JZl 
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accuracy. Thus, the fragmentation methods used in this invention are designed to 
produce from the target nucleic acid, a set of nonrandom length fragments ranging 
up to 100 bases in size. For purposes of this invention, fragmentation methods 
that produce a set of random length fragments are not desirable due to the limited 
reproducibility of such fragments, the limited information available ftxjm mass 
spectrometry analysis of such fragments, and the likelihood of spectral overlap 
from randomly generated fragments. For example, nonrandom fragmentation 
permits determination of the mass, base composition, and location of the set of 
NLFs relative to the target riucleic acid, whereas random f^^ ■ 
do not. 

Existing mass spectrometric instrumentation in the case of MALDI-TOF 
MS optimally has a mass accuracy of about 1 part in 10,000 (0.01%), four times 
what is necessary, for detects a single base change in a 50-base Ibng single- 
. stranded DNA firagment. Utilization of mass-modified; nucleotides (to be described 
later) and nearby masses as internal calibrants. provides ^optimal nsolution and 
mass accuracy of larger nucleic acids, and can extend the usable mutation 
detection range up to 100 bases, if not higher. Continued advances in mass 
spectrometric instrumentation will also push this range higher. 

Examples of the resolving capabUities of MALDI-TOF MS are displayed in 
FIG. lA and IB. FIG. 1 shows the positive ion TOF mass spectra obtained from 
200 ftnoles of DNA in the matrix 3-HPA. FIG. lA (top figure) shovi^ two single- 
stranded PGR products of lengths 71 and 72 (mass difference = 305 Da = 
Adenosine) as well as the 72mer and 72mer -h a single matrix adduct (M) (mass 
difference = 139 Da) to be weU resolved (FWHM resolution = 240). FIG. IB 
(bottom figure) shows an 88 base length single-stranded product having a 
resolution of 330. Both spectra display high enough accuracy and resolution to 
detect a point mutation if one were present. 

These unique properties of mass specnrometry. MALDI-TOF MS in 
particular, to separate nucleic acid fragments and identify their mass exactly and 
the methods taught herein provide novel methods for the screening of target 
nucleic acids and identification of changes in base composition that might result 
from genetic mutation. 
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Mass spectrometers arc typically calibrated using analytes of Joiown mass 
A mass spectrometer can then analyze an analyte of unicnown mass with an 
associated mass accuracy and precision. However, the calibration, and associated 
mass accuracy and precision, for a given mass spectrometry system (including 
MALDI-TOF MS) can be significantly improved if analytes of Icnown mass axe 
contained yn:hin the sample containing the analyte(s) of unknown mass(es) The 
mclusion of these known mass analytes within the sample is referred to as use of 
mtemal calibrants. Bctemal calibrants. i.e. analytes of known mass that a,^ not 
m«ed m with the set of nonrandom length fragments of unknown mass and 
. simultaneously analyzed in a mass spectrometer, ar. analyzed separately. External 
caliT,iants can also be used to improve mass accuocy. but because m^^^ 
analyzed simultaneously with the set of Augments of unknown mass; they will not ^ ^ ^ 
increase mass accuracy as much as internal calibrants do! Another disadvantage of 
usmg external calibrants is that it requires an extra sample to be. analyzed by the 
mass spectrometer. For MALDI-TO-F MS. generally only two calibrant molecules 
arc needed for complete calibration, although sometimes three or more calibrants 
are used. All of the embodiments of the invention described herem can be 
perfonned with the use of internal caUbrants to provide improved mass accuracy 
Using the methods described herein, one can obtain a mass spectrum with 
numerous mass peaks corresponding to the set of nonrandom length fragments of 
the gene or target nucleic acid under study. If no mutation is present in the target 
nucleic acid, all of the mass peaks corresponding to the nonrandom length 
fragments wfll be at mass-to^harge ratios associated with the set of NUs from 
the wild type target nucleic acid. However, if the target nucleic acid contains a 
mutation. usuaUy no more than one or two of the mass peaks will be shifted in 
mass, leaving the majority of mass peaks at unaltered locations. In a preferred 
embodiment of the invention, a self-calibration algorithm uses these unmutated or 
nonpolymorphic NLFs for internal calibration to optimize the mass accuracy for 
analysis of the NLFs containing a mutation, thus requiring no added calibrant(s) 
sunphfying the calibration, and avoiding potential spectral overlaps. In a given ' 
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sample, however, it will not be )^o^^ a priori which mass peaks, if any. are 
altered or shifted from their expected masses for the wild type NLFs. 

The self-calibration algorithm begins by dividing up the observed mass 
peaks into subsets, each subset consisting of aU but one or two of the observed 
mass peaks. Each data subset has a different one or two ma^s peaks deleted from 
consideration. For each subset, the algorithm divides the subset fiuther into a first 
group of two or three masses which are then used to generate a new set of 
calibration constants, and a second group which will serve as an intenial 
consistency check on those new constants. TTie internal consistency check begins 
by calculating the mass difference between the m/z values calculated for the 
second group of mass peaks and the values corresponding to reasonable choices 
for the associated wUd-type NLFs. The internal consistency check can thus take 

the fonn of a chi-square minimizadon where:the key paramet^ 
difference. The algorithm finds which dat/s^ 

squares of these mass differences resulting in a?choice of optimized calibration 
constants associated with group one of this data subset. 

After new self-optimized cah-braUon constants are obtained, the mass-to- 
charge ratios are determined for the mass peaks omitted from the data subset; 
these are the nom^om length fragments suspected to contain a mutation. The 
differences from the observed mass peaks for the wUd type NLFs arc then used to 
determine whether a mutation has occurred, and if so. what the namre of this 
mutation is (e.g. the exaa type of deletion, insertion, or pomt mutation). This 
sclfsalibration procedure should yield a mass accuracy of approximately 1 part in 
10,000. 

Fragmentation of Target Nucleic Acids 

Fragmentation of a target nucleic acid is important for several reasons. 
First, fragmentation allows direct analysis of large segments of a gene or other 
target nucleic acid using a single PGR amplification, eliminating the need to 
multiplex or run separately many smaller-segment PGR reactions. 

Second, sequencing of tiiousands of bases of a gene or other target nucleic 
acid, by mass specn-ometry or otherwise, is a complex and expensive process. 
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With current capabilities in MALDI and ESI. it is impractical to sequence nucleic 
acids greater than 50-100 bases in length. Consequently, in order to rapidly 
screen large genetic regions or target nucleic acids using mass spectrometric 
nucleic acid sequencing, an impractical and cumbersome number of independent 
sequencing reactions are necessary to cover the entire genetic region of interest 
Therefore, for screening large genetic regions or target nucleic acids for a wide 
range of potential mutations using mass spectrometry, fragmentation of amplified 
target nucleic acids ranging from 100 to 1000 base pairs (bp) facUitates faster 
scrcemng of larger target nucleic acid^ or genetic regions of interest 

Sequencing can identify the exact location and na^ 
in a target nucleic acid, but requires the use of many primers in many separate 
reactions. Mutations, especially for heterozygous samples an^ 
fluorescence-based systems, are often difficult to identify with confidence. Using 
>the fragmentationmethods described, herein, a heterozygous sample would yield 
two distinct mass spectral peaks, correlating to the different masses of the mutant 
and Wild type nucleic acids. Accortlingly. the methods described herein can be 
used to detect a mutation in a target micleic acid unambiguously. ' 

Third, mass spectrometric analysis of smaller nucleic acid fragments 
ranging in size from 2 to 300 bases, more preferably from 10 to 100 bases in 
length, IS desirable because the smaUer nucleic acid fragments result in: 

(a) more specific localization of any mutations than for larger sized nucleic 
acid ftagments, 

(b) superior mass accuracy and resolution of micleic acid fragments in this 
mass range, and 

(c) a multiplicity of mass peaks that can be used as mtemal self-calibration 
standards, further improving the mass accuracy. 

For analysis with MALDI-TOF MS. the goal of fragmentation is to 
produce a set of nonrandom length fragments ranging in length from 2-300 bases 
preferably from 10-100 bases in length. The range of lengths serves to better 
separate and resolve the fragment peaks in the resulting mass spectrum 

Fragmentation of target nucleic acids larger than 100 bases in length can be 
accomphshed using a number of means, including cleavage with one or more 
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DNA restriction endonucleases targeting specific sequences within double-stranded 
DNA, chemical cleavage at structure-specific and/or base-specific locations, 
polymerase incorporation of modified nucleotides that create cleavage sites when 
incorporated, and targeted structure -specific and/or sequence-specific nuclease 
treatment. 

An exemplary case is where a larger target nucleic acid. e.g. 500 bases in 
length, is nonrandomly fragmented to produce 10 lo 30 nonrandom length 
fragments that can all be individually resolved by MALDI-TOF mass 
spectrometiy . Two difierem nonrandom lerig^^^fo^ 

of bases can still be resolved fhjm each other by mass spectrometry wh 

differ in base composition and consequently in mass. Gel electrophor^is methods 

typically cannot resolve equivalent length fragments. 

For example, for a 5 kUobase pair (kb) target nucleic acid to be fully 
-.aiialyzed. using nonrandom len^^ 

approximately 170 nonrandom length fragments^^ w^^ 
TypicaUy, the target nucleic acid would be amplified by a number of DNA 
ampUfTcations. - 10-20. in onler to reduce the number of fragments to be 
^y^^ ^ any given sample. Each amplified target nucleic acid product would 
be digested using restriction endomicleases, often with four-base recognition sites 
to produce the optimal size fragments. It is preferable that the fragments vary in 
size to simplify the mass spectral dau. e.g. 32 bp + 28 bp + 27 bp + 37 bp + 
.... although, as stated above, nonrandom length fragments of the same size could 
potentially be analyzed if their base compositions vary enough to minimize spectral 
ovierlap. 

A schematic of the process along with a hypothetical mass spectrum is 
shown in FIG. 2. FIG. 2 illustrates a 161 base target nucleic acid that has been 
PGR amplified and fragmented using restriction endonucleases. The resulting 6 
nonrandom length fragments are produced. When the laser desorption process 
occurs, during MALDI-TOF mass spectrometric analysis, the 6 double-stranded 
fragments are mostty denatured and the resulting 12 single -stranded nonrandom 
length fragments are ionized and detected. Shown at the bonom of FIG. 2 is a 
simulated mass spectral data plot with all the mass peaks resolved. 
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As can be seen in FIG. 2 ii is very common that restriction endonuclease 
treatment will produce a number of complementary fragments with the same 
number of bases, e.g. two at 19 and two at 32. The presence of these equal- 
length fragments places higher constraints on the required resolution for 
distinguishing all of the different peaks. It is also not uncommon for the two 
equal-length, complementan. fragments to have identical or nearly identical mass 
values, leaving the possibility that two complementary fragments will not be 
resolvable. 

Often ^ples wUl be heterozygous, conuini^^ 
normal Wild type nucleic acid axKl the mutated rai^et nuc^^^^^^^^ In the case 
where the target nucleic acid carries a mutation in a heterozygous mi., one would 
observe a splitting of peaks within the nonrandom length fragments containing the 
mutauon. An example of this splitting is shown in HG. 3 where an A-T to T-A ^ 
tr^nsvc^ or base flip has occurred in one copy of the gene. ;Ti;ee;^ted ; ^ 
peaks would be half normal height since their concentiations are halved reUtive to ' 
homozygous concentrations. In this case, the difference between mutant and wild 
^ peaks would be ~9 Da which can be resolved in the'sz base long fragment 
The presence of wild type peaks provides internal self-calibranis allowing highly 
accurate mass differences (as opposed to absolute mass) to be used to determine 
the base composition change. 

The methods described herein permit MALDI-TOF MS analysis of 
nonrandom length fragments which has a mass accuracy of approximately I part in 
10.000. The use of internal self-calibrants makes it possible to extend this level of 
accuracy up to and potentiaUy beyond 30.000 Da or 100 bases. This mass 
accuracy enables exact sizing of nucleic acid fragments and the determination of 
the presence and namre of any mutation, includmg point mutations, insertions and 
deleaons. even m a heterozygous enviromnent. Further described herein are 
methods for improving the resolution of mdividual fragments by means includmg 
elmnnanon of equal-length complementary pair, through the use single-strand- 
targeted fragmentation and/or isolation procedures, and the incorporation of mass- • 
modified nucleoUdes to enhance the mass difference between similar sized 
fragments and/or mutant and wild type fragments. In addition, these methods 
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provide for the removal of salts and other deleterious materials as well as a means 
for the removal of unwanted nucleic acid fragments prior to mass spectroscopic 
analysis. 

Mass RESoLimoN, Mass Accuracy, and the Use of Mass-Modified 
Nucleotides 

Any of the embodiments of the invention described herein optionally 
include nonrandom length fragments having one or more nucleotides replaced with 
mass-naodified nucleotides^ wherein said nwss-mpdified mcleod^ 
nucleotides or nucleotide analogs having modifications that change their mass 
relative to the nucleotides that they replace. The mass-modified nucleotides 
incorporated into the nonrandom length fragments of the invention must be 
amenable to the enzymatic and nonenzymatic processes used for the production of 
; noiiraiKiom length firagments. For examp must 
be able to be incorporated by DNA or RNA polymerase during amplification of 
the target nucleic acid. Moreover, the mass-modified nucleotides -must not inhibit 
the processes used to produce nonrandom length fragments, including, inter cUa^ 
specific cleavage by restriction cndonucleases or ^trucmre-specific endonucleases 
and digestion by single-strand specific endonucleases, whenever such steps are 
used. Mass-modifications can also be incorporated in the nonrandom length 
fragments of the invention after the enzymatic steps have been concluded. For 
example, a number of small chemicals can react to modify specific bases, such as 
kethpxal or formaldehyde. 

Any or all of the nucleotides in the nonrandom length fragments can be 
mass-modified, if necessary, to increase the spread between their masses. It has 
been shown that modifications at the C5 position in pyrimidines or the N7 position 
in purines do not prevent their incorporation into growing nucleic acid chains by 
DNA or RNA polymerase. [L. Lee et al. "DNA Sequencing with Dye-Labeled 
Terminators and T7 DNA Polymerase: Effect of Dyes and dNTPs on 
Incorporation of Dye-Terminators and Probability Analysis of Termination 
Fragments'* Nuc. Acids. Res. 20, 2471 (1992)] For example, an octynyl moiety 
can be used in place of methyl on thymidine to alter the mass by 94 Da. 
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Mass-modifying groups can be, for example, halogen, alkyl, ester or 
polyester, ether or polyether, or of the general type XR, wherein X is a linking 
group and R is a mass-modifying group. The mass-modifying group can be used 
to introduce defined mass increments into the nonrandom length fragments. One 
of skill in the an will recognize that there are numerous possibilities for mass- 
modifications useful in modifying nucleic acid fragments or oligonucleotides, 
including those described in Oligonucleotides and Analogues: A Practical 
Approach, Eckstein ed. (Oxford 1991) and in PCT/US94/00193, which are both 
incorporated herein by reference. 

At larger mass ranges (30,000-90,000 Da), the mass resolution and mass 
accuracy of currenl MALDI-TOF mass spectrometers will not be sufficient to 
identify a single base change. For this reason, it may be preferable to increase the 
MXiseful mass range artificially b substituting standard nucleotides within either a 
f target nucleic acid or a nonrandom leiigth fragnicm with niass-ni 
having significantly larger mass d^ffeiTe^ 

applies as well to the mass range below 30,000 Da. Mass modification can 
generally increase the quality of the mass spectra by enlarging the mass differences 
between NLFs of similar size and composition. / For example, massr modified 
nucleotides can increase the mininmm mass difference between two nonrandom 
length fragments that are identical in base composition except for a single base 
which is an A in one NLF and is a T in the other. Normally, these two NLFs will 
differ in mass by only 9 Da. By^incoqrarating a single mass-modified nucleotide 
into one of the bases, the mass difference can be > 20 Da. The spectra in FIG. 4 
depict the influence mass^modified nucleotides can have on fragment resolution. 
One example of the many possible mass modifications useful in this invention is 
the use of 5-(2-heptynyl)-deoxyuridine in place of thymidine. The replacement of 
a methyl group by heptynyl changes the mass of this particular nucleotide by 65 
Da. An A to T transversion in a nucleic acid fragment in which all thymidine 
bases have been replaced with 5-(2-heptynyI)-deoxyuridine would produce a peak 
shift of 56 Da as opposed to 9 Da for the same nucleic acid fragments without the 
mass-modified nucleotides. The use of mass-modified nucleotides is especially 
important in the analysis of NLFs derived from RNA. Normally, the masses of C 
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and U vary by only 1 Da. making it practically impossible to detec: C to U or U 
to C point mutations within a given fragment. 

Benefits of Analyzing Single-Stranded Nucleic Acids 

The goal of this invention is the accurate determination of the masses of a 
set of resolved nonrandom length fragments and correlation of this data to the 
characterization of any mutauon. if present. The embodiments of this invention 
include mass spectrometric determination of masses of the members of a set of 
single-stranded nonrandom length fragments as well as mass deteraunation of the 
members of a set of mass-modified, double-stranded: nonrandom length fragmenis. 
The preferred embodiment is to detea mutations in a target nucleic acid 
comprising obtaining a set of nonrandom length fragments in single-stranded form, 
, wherein the single-stranded nonrandom length fragments are derived from one of 
^-either the positive or the negative strandlof the target :nucleic;acid or where the set 
is a subset of fragments derived fix)m bofli the: positive and the negative strands of 
the target nucleic acid. The ex^ples of single-sttanded methods described herein 
focus on fragments derived from the positive strand. 

FIG. 2 and 3 illustrate that each double-stranded nonrandom length 
fragment, comprising two complementary strands, produces two peaks in the mass 
spectrum corresponding to the denatured single strands. The additional peaks 
from double-stranded nonrandom length fragments as compared to single-stranded 
nonrandom length fragments add to congestion of .mass peaics in the mass spectra, 
as weU as introducing the possibility that it may b?; extremely difficult, if not 
inq)Ossible, to resolve the complementary fragments if they have nearly or exactly 
identical base compositions. Furthermore, some portion of the double-stranded 
nonraiKiom length fragments do not fully denature, and mass peaks corresponding 
to the double-stranded products mcrease the spectral congestion. 

Because spectra using both strands contain a two-fold redundancy in data, 
since any mutation in one strand will be present within its complement, it is 
reasonable to remove one strand prior to mass spectrometric analysis and still 
produce all of the data necessary for complete mutation analysis. For these 
reasons, it is the preferred embodiment to analyze a set of single strands where 
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only one or .oo,p,™e„., nuCcic acid f.,n,=„. ^ 

tulJ target sequence is used. 

no. 5 Shows the expected specm^ ^ only a,e „on„„dom,y fragn«„:ed 
pos-fve s«nd of a .a^e. nuCeic acid f:om HG. 3 U analyzed by :na. 

°' °' ™° complement stands of ^ double- 
non^don. lengd. fr^^ ^ ^^^^ 

^ -nas. spect.. aUowing „ore ..a, ftagn^n. „ b. „so,ved and 
d.. .on,. „^ Sized ^e. nnCeic acids can be analyzed a. one *ne. CvL 
of one of lie two soands from each „™ ^ , ~inovai 
^ "™":'»ch, "onrandom length^ 

"7^"^°'"^^^^ An^bcrorn«d>odsf6r ' 

'™ »^>'-~ and double-sttandcd n«™dom ,^ 
fiagments for mass speoromeny are described herein. 

v^^v^Ihe methods: of teinvc^ 
acttiasetofrisolvable. nonrandom-len.^hft,~, \. Wieic 

the memb«s o, that set usiT^ """■'^ 

"""S mass spectromeay without sequencing tl« lat-i ' 
Docleic acid. AU of the methods d<a«<i,.j I, ■ ■ ^ 
i^h,^.. ,. ^^'^'^'^""■■nvolvingmassspectromeoy 

'^'""'^^"^ -i-tospray ionizaa'dn <ESO 

»d mamx-ass^ laser desorption/ionization time-of-fUght (MM^UTO^l 
addmon to d» testricUon endonuclease apptoach to nomandomiy ftagmelgl 
-.^ once. acid, there are a nmnber of other approaches which arHesct^ 

NONK^M p^<^^„„^ ^^^^ 

Targe, mtcleic acid can be nootandomly fiagmcnted using hybridizadon to 
-.e.c acul. testriction site pn>bes followed by cleavage with one or more 
^on endonncleases the tecog^do. of which are contained in d,e 

restriction site probes used "T?^c^^*- 

wh.„ s K v Z Site ptobes- are oligomKleoUdes d«t 

«*« hybndtzcd to single-stranded target nucleic acid a, specific seoue«==s fo™ 
complete double-stra^led recognidon site Ceavable usingltHcdr 
cndonudeases. The use of restricdon site ptobcs is illusttated in Ro. 6. 
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The sequence of a wild type target nucleic acid can be analyzed to 
detennine which restriction sites would result in an ideal spread of members of a 
set of NLFs. The restriction site probes are then made using well-known synthetic 
techniques. The restriction site probes can range from 6 - 100 nucleotides in 
length, preferably from 10-30 nucleotides in length. One advantage of using very 
short restriction site probes is that after cleavage with the selected restriction 
endonucleases. the mass of the members of the set of NLFs having cleaved 
restriction site probes attached can be directly determined in the mass spectrometer 
without requiring an isolating step to remove the cleaved restriction, site probes 
On the other hand, if the cleaved restrictioit site pn^es a^^^^^ 
also as capture probes, then the restriction site probes must either have a first 
binding moiety that is capable of binding to a second binding moiety attached to a 
solid support or the restriction site probes must have at least one additional 
vnucleotide sequence that is ;coInpiementaIy^ to Mother probe ^ is bound to a 
..soUd support. A -capmie probe-is an oligbmicleotide thatc^ 
capable of hybridizing to a nucleic acid, such as a target nucleic ^a^^^ 
nonrandom length fragment, and a binding moieiy that bmds the capmre probe to a 
soUd phase, either through covalent binding or :affmity^bin^ 
thereof. A capniie probe can itself bind to a solid support via binding moieties 
(direct capture) or can bind to a solid support via another capture probe that binds 
to a solid support (indirect capmre). Also, when the restriction site probe is also 
used as a capmre probe, the preferred range is from 30-50 nucleotides in length, 
to stabUize the hybridization of the capmre probe. By using larger restriction site 
probes complementaxy to singular locations on the target nucleic acid it is possible 
to prevent a restriction enzyme from cutting at all possible locations in a target 
nucleic acid where restriction sites for a particular restriction cndonuclease appear, 
e.g. cutting at only 5 or 10 restriction sites withm a single-stranded target. This is 
another tool that can be used to produce the optimal nonrandom length fragment 
set or subset. 

An alternative form of restriction site probe is the universal restriction 
probe as described by Szybalski. [W. Szybalski "Universal Restriction 
Endonucleases: Designing Novel Cleavage Specificities by Combining Adapter 
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Oligodeoxynuclcoude and E:^e Moieties," Gene 40. 169 (1985) (incorporated 
by reference herein)] These universal restriction probes comprise two regions the 
first region being single-stranded and complementary to a specific sequence within 
ti.e target nucleic acid, and the second region being double-str^ded and containing 
the resmction recognition site, for a particular class US restriction endonuclease 
Class US restriction endonucleases cleave double-stranded DNA at a specific 
d^tance from their recognition sequence. By using this property, and the 
universal restriction site probe design, it is possible to nonrandomly fragment a 
single-stranded DNA target arvirtually any s^^ ^ ^ ^ 

beuer comrol the selection of fragment sizes. It is also possible to mix 
restnction site probes and umveisal restriction probes in a single reaction 

. In this approach, a positive single-stranded target nucleic acid is hybridized 
to oi^ ormore restriction site probes that a^ 

,,r^n,cMo^ recognition sequences within the target nucleic acid. Upon 

. hybridization of the restriction site p^^ 
target nucleic acids are formed, comprising double-stranded regions where the 
re«riction site pxx>bes have hybridized to the target nucleic acid and at least one 
smgle-stranded region where the target nucleic acid remains unhybridized to a 
restriction site probe. Ttc double-sn:anded regions of the hybridized target nucleic 
acKls are recognition sites for cleavage by one. two or more restriction 
endomrcleases. After the formation of hybridized target nucleic acids, the 

hybndized tar^get nucleic acids are digested with one. two or more restriction 

endomicleases. the recognition sequences of which are contained within the 

double-Stranded regions. 

The resulting nonrandom length fragments have at least one cleaved 
restnction site oligonucleotide probe annealed. In some cases, these cleaved 
probes Will be of a size too small to remain hybridized to the target fragments 
These nomandom length fragments can either be purified with the cleaved 
rcstncdon site oligonucleotide probes attached, or ti.e NLFs can be purified from 
the cleaved oligonucleotide restriction site probes. Both types of purification can 
be accomplished using a variety of techniques known in the an. including 
filtration, precipitation, or dialysis. Hie preferred approach is to capture tiie 


wo 97/33000 

PCT/US97/03499 

32. 

NLFs to a solid suppon. The set of nonrandom length fragments can be directly 

captured to a solid suppon themselves using a number of means including a 

binding moiety such as biotin incorporated at numerous base positions throughout 

the NLFs. Or the NLFs can be indirectly captured to a solid support via 

5 hybridization to one or more capture probes that is itself bound to a solid support. 

The capture probe can comprise the full-length strand of the target nucleic acid 

that is complementary to the strand from which the nonrandom length fragments 

were derived. Alternatively, the capture probes can be a set of capmre probes 

each containing at least one sequence, complem^^^ length , " 

10 fragments. 

By combining an asymmetric amplification method to produce single- 
' stranded target nucleic acids with the use of restriction site probes, as described 
herein, one can produce predonuimdy the desired 
• : .The restriction site probes used to produce the xecognitioh sites, may copuriiy with 
15 the NLFs but can be designed so that they do not interfere with the majority of the 

mass spectra. For exanqile. the restriction site^ probes can be designed so that 
after cleavage their final sizes are less than 20 bases in length and the nonrandom 
length fragments can have sizes in the range of 20 to 100 bases. 

The methods described above can also be modified with the use of 
uncleavable restriction probes. These uncleavable probes, synthesized with a 
restriction endonuclease resistant backbone such as phosphorothioate, 
boranophosphaie. or methyl phosphonate, can be used to keep the target nucleic 
acid NLFs tethered together foUowing restriction digest and can provide a different 
approach to purification of the NLFs. 

25 

J^GMETO-ATION USING FRAGMEmiNG PROBES AND SlNGLE-STRANI>-SPECinC 

Cleavage 

^WhUe the use of restriction endonucleases in various combinations and in 
multiple digests can be an effective approach to fragmentation of the target nucleic 
30 acid, when a target presents long sequence lengths (> 100 bases) that do not 

contain any restriction sites, alternative nonrandom fragmentation techniques are 
preferred. Long > 100 base fragments will be difficult to probe with sufficient 
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mass accuracy to derennine if a base change muation has occurred. One ^vay co 
conrrol the size of fragn^ents is through the use of fragxnenting probes and single- 

Strand-specific endonucleases. 

Fragmenting probes are defined as nonrandom length, single-stranded 
ohgonucleotides complementary to selected regions of a single-stranded target 
nucleic acid, and are used through hybridization to define and differentiate within 
the target nucleic acid regions that are double-stranded versus regions that remains 
smgle-stranded. Following differendation by hybridization the single-stranded 
n^gions are subjected u, cl^^^^^ 

here utilize oligonucleotides, the fragmenting probes may be c^^^^ on 
DNA. RNA or modified forms of nucleic acid such as phosphorothioatcs. methyl 
.yphosphonates or peptide nucleic acids. Three examples of .single-stratKi-specific 

in«:leases Chat can be used in these methods ax. Mung bean nuclease, N^^^ 
, and RNase A. n.ese enzymes cut single-stranded DNA or RNA; exclusively and ' ^ 
15 : act as both exo- and endonucleases. 

An example of how these probes and enzymes are used 

fegmenting probes of defined size and sequence are designed to hybridize t^ 
complementary regions of the target nucleic acid. It is preferable that the target 
nucleic acid be primarily if not entirely single-stranded. Use of a T7 or SP6 RNA 
polymerase transcription system for final amplification is a simple approach to 
producing the required single-stranded target nucleic acid. Asymmetric PGR can 
also be utilized to produce primarily single-stranded target. 

FIG. 7 shows how different portions of the single-stranded target nucleic 
acxd are hybridized to the oligonucleotide probes. F^^^ 

regxons of the target nucleic acid that remain single-stranded axe cleaved usmg a 
smgle-strand-specific endo/exonuclease. such as SI Nuclease. Mung bean 
nuclease, or RNase A. TT^ size of the single-stranded region can be as small as a 
single phosphodiester bridge, i-e. the phosphodiester bond across from a nick SI 
nuclease is capable of cleaving across from nicks-. Th. end pnxlucts are double- 
stranded hybrids comprised of two equal length strands: one strand is a member of 
the set of nonrandom length fragments derived from the target nucleic acid and the 
odier strand is a member of the set of fragmenting probes, wherein said NLFs are 
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hybridized to said fragmenting probes. Either these double-stranded hybrids or 
isolated single-stranded nonrandom length fragments derived from said target 
nucleic acid can be used for MALDI-TOF mass spectrometric analysis. 
Preferably, the analysis of the single-stranded nonrandom length fragments derived 
from said target nucleic acid provides a simpler mass spectrum. It should be 
noted that when the complementary strands are a mixed DNA/RNA hybrid there 
will be a significant mass difference between the two strands in aU cases, making 
each strand more easily resolvable in the mass spectrum. 

Unlike the restriction endoniiclease nonrandom fragmentation approach, 
with this method it is possible to use a DNA/RNA hybrid providing a convenilm 
route toward digesting the fragmenting probes after nonrandomJy fragmenting the 
target nucleic acid. Isolation of the set of NLFs from the set of ftagmenting probes 
is another means to simplify the mass sp<xtra 4 Because of the different chemical 
nature of the two strands of the hybrid,Vit;is;:ikisS DNA- or RNA- 

spccific enzymes to digest the fiagmenthig probes S As an example/ be 
used to digest ftagmenting probes comprised of I)NA whfle leaving nonrandom 
length RNA ftagments intact or RNase can be used to digest RNA probes while 
leavmg nonrandom length DNA fragments intact. It is also possible to utilize 
different chemistries to spccificaUy digest one strand or the other. These 
chemistries include the use of acid to digest DNA or base to digest RNA as well 
as a multiplicity of other chemistries that can be use to cut modified versions of 
DNA or RNA. This differential cutting can be exploited to purify and analyze 
only one of the two strands as described in a later section. 

Thus, another embodiment of this invention is a method of detecting a 
mutation in a DNA fragment from a DNA/RNA hybrid nucleic acid comprising 
obtaining a DNA/RNA hybrid wherein the DNA/RNA hybrid comprises a single- 
strand of a DNA fragment hybridized to a single-strand of a RNA fragment, 
digesting the single-strand of RNA using a RNA-specific reagent, including RNase 
or a base, determining the mass of the single-stranded DNA fragment using mass 
spectrometry, and comparing said mass to a mass of a wild type single-stranded 
DNA fragment. Another embodiment is a method of detecting a mutation in a 
RNA fragment from a DNA^NA hybrid nucleic acid comprising obtaining a 
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DNA/RNA hybrid wherein Che DNa/RNA hybrid comprises a single-strand of a 
DNA fragment hybridized to a single-strand of a RNA fragment, digesting the 
singie-stxand of DNA using a DNA-specifIc reagent, including DNase or an acid 
detemmung the mass of the single-stranded RNA fragment using mass 
spectrometry, and comparing said mass to a mass of a wild type singie-srranded 
RNA fragment. H^ese embodiments can also be applied to a set of DNA/RNA 
hybrids, and using the DNA-specific or RNA-specific digestion to leave a set of 
nonrandom length fragments consisting of DNA fragments or a set of nonrandom 
length fragments consisting of RNA fragmenK^^^ - . 

Complete digestion using n^ction endo^ „f 
fegments that can be aUgned end to end but do not overlap. With the use of 
. fragmenting probes and single-stiand-specific cleaving reagents described herein 
one can design a set of sequence and size specific fragmenting probes that can be 
; v used to produce a set of nonrandom lengthy 
-members of the set comprise a nonoveriapping n^^^ 
nucleotide sequence that overlaps with a nucleotide sequence of another member of 
the set. The example shown in FIG. 7 uses a set Of ^^^^ 

fragmenting probes that overlap (e.g. split mto two sets of hybridization tractions) 
to produce an overlapping set of nonrandom length fragments. The set of 
nonrandom length fragments that overlap could be nested. By using a set of 
overlapping nonrandom length fragments to screen for a mutation, one can more 
nanowly localize the region containing a mutation. If two overlapping 
iK,nrandom length fragments both contain the mutation, as is the case m HG 7 it 
IS then known that the mutation exists within the smaU region of overlap 
Conversely, if only one of the overlapping fragments contains a mutation, it is 
known that the muution cannot be in an overlapping region. Tlxis approach plus 
the ability to design certain fragmenting probes to be very small in size, e g 10 to 
20 bases (typical fragmenting probes will be anywhere between 10 and 100 bases 
in length), allows one to probe genetic regions that are known hot spots for 
mutation with greater detail. 

One variant of this method is to use single-strand-specific chemical reagents 
as a means for cleaving a target nucleic acid target into a set of nonrandom length 
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fragments. Several base-specific cleavage chemistries have been identified that 
cleave the nucleic acid backbone at base-specific sites that are single-stranded and. 
under optimal conditions, demonstrate zero or extremely reduced cleavage levels 
at base-specific sites that are double-stranded. As an option the target nucleic acid 
5 can be synthesized using one or more modified nucleotides in order to make the 

backbone more vulnerable to chemical cleavage. By using fragmenting probes to 
hybridize to a target nucleic acid at all sites except the specific locaUons where 
cleavage is desired, it is possible to limit cleavage to these single-stranded sites 
and create, a sequence-specific setpfnonrandom length fragments. The method, 
10 schematized in FIG. 8, can utilize one of a number of :differenl chemistries that' 

are known to be single-strand specific includmg hydrogen peroxide cleavage 
and/or 2-hydroperoxytetrahydrofnian cleavage at C. [P. Richtcrich et al. 
-Cytosine. specific DNA sequencing with hydrogen peroxide" Nuc. Acids Res. 23, 
4922 (1995): G. Liang. P. Gannet & B. Gold "The Use of 2- 
Hydroperoxytetrahydrofuran as a Reagent to Sequence 

Watson-Crick DNA Stnicmres- Nuc. Acids Res: 23, 713 (1995)]. Target nucleic 
acids that contain cleavage-modified nucleotides can be made by incorporation of 
modified micleotidc triphosphates during an amplification or polymerization step. 

A second variant of this method is to create heterozygous hybrids between 
the wild type fragmenting probes and the target nucleic acid. By using 
fragmenting probes comprised of wild type sequence, any hybrids that form with 
mutant sequence containing a point muution wiU create a base mismatch or bulge. 
If the mutation is a smaU insertion or deletion, a looped out sequence wiU occur. 
With this heterozygous hybrid, it is possible to use one of the strucnire-specific 
enzymes or chemistries described in the following section to create a mutation- 
specric cleavage at the site of a mutation. An example of the pattern of 
nonrandom length fragments produced is shown in FIG. 9. This approach 
permits determination of the type and location of the mutation that has occurred. 
Also as will be described, performance of a mutation-specific cleavage relaxes the 
mass accuracy and resolution consu^ints, thus increasing the useful size range for 
the nonrandom length fragments to be analyzed with MALDI-TOF mass 
spectrometry to a range of several hundred bases. 
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Anomer nonrandon, fag„,e„c.do„ „chni,u= tavolves .he u.. of 

spccfic ceavage . ba.= .i..a,ch „gions, if p.s=.. „.t.g scn.crure-spe<=mc 

endonuclMses or singk-sttand-specific ctovase r,-„.„ ^ - 

,. ^ .J. aeavage. Creauoa of mismaKh regions 

re,u.res hybnd^,o„ between a „u.,ioa con-aining, si„g,e-s«„dcd carg« 
nude.c a=.d and a of one or .ore .i.,g,=.3„„,^ con^,.„,.^^ 
pro^ <^nv^ fro. „i,d ^ ^^^^ ^ ^ 

nuc-eic acM resa,. in a. base .is™^ „ 
— wi.^„.^.^,^,„„„,^^^^^__ Inonee^J^^ 
_ coo^a^^g posiUvc srrand i. ,^Wdiz«, .o a =o„.p,c„ wOd-:^ 
probe ma. con^priscsd^ eodre ^ves^nd/ to prefer , 
»n^cx Of mu^ion con.ai„i„g posiuve s^^l bybridized :„.o.„ „r^reV*« ' : 
con^l^nenrary, ^ ^^i, probes is Wn=nn=d „i:« .iU«r '- - " - 
™„.„donuc.eases. orftag^^i^gp^t^ ^p,^ wifl, a si,«le-s.xand' 
^.ficctoyage .eagen. A.y baae n,isnu.ch regions bet„e«. U. sc. „f wild 

2^™*es aM the so. of Nm can be speciflcaiiy cieaved „i,g one or .ore 
m«nu,ch.sp«nfic Ceavi.^ ^ 

s^-mre-speciflc endooueleases such as T4 e»lo„„Cease Vn. RuvC. Mu,y or the 
en^nucieoi^c aCvi., fro. d. S'-r cxooucicase suburb, of d.n.os.ab,e DKA 
pcl^erascs. «.g,e-s..^.speci«c e.=^ such as Mu.g bea, ™Cease SI 
oucieasc or RNase A. a.d si«g,e.s«nd-specific C^isrrics sud. as " 
h3^:cy.ami„e. ostium B.rtxide. poassium pe™^^ 
n,o<hfica.on of u^aired bases foUo^ b. a backbone Ceavtag oxidaUon step 

ms n,^.speci„c Cleavage is used ,o cieave d>e mutadoo^maining 
--ndo^le^ mus producing rwosJer ' 

f^cnu fro. ^ larger om«aou-con.aini„g fragn^n. nis approach is an 
emc- and sin.p,e way .o idcndiy d,e e«c. iocaUon of a n.u..o„ as weU as i. 
W>c. The m.™«:h-specific cleavage used i„ combination wiu, one of ^ 
nonrandom fn.gn,enmion n^diods described herein can be used ,o ftagn^n, , 
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large O200 bases), single-stranded target nucleic acid into a set of smaller, mass 
resolvable nonrandom length fragments. 

Like EMC and CCM, the mismatch-specific cleavage approach utilizes a 
mismatch targeting reagent to cut at the point of mutation. The approach 
described herein improves upon the gel electrophoresis-based methods by focusmg 
on relatively small fragments that take maximum advantage of the mass 
spectrometer's ability to detect the exact size of a fragment leading to the 
identification of the exact location and nature of a mutation. The EMC and CCM 
methods must be followed by, DNA sequencing in order to fully characterize a 
mutation. Using the methods described herein, a mutation in a target nucleic a 
can be detected and its location and nanire determined without any sequencing. 

An example of how a stmcoire-specific enzyme like T4 endonuclease Vn 
can be used for mismatch-specific cleavage is shown in FIG. 10. The first step 
.involves two ampUfication reactions. yFim, a^^ 
containing a mutation is amplified.; Second, the corresponding wUd^ty^^^^ 
nucleic acid is ampUfied to create wild type probes. These two 
reactions can be peifonncd together in one tube if the target nucleic acid is a 
. heterozygous mixture of mutant and wUd type. For certain diagnostic prxxredures. 
it may be more efficient to produce the wild type probes separately prior to the 
screening process. The next steps involve fragmentation of the target nucleic acid. 
e.g. a multiple digest of the target nucleic acid using more than one restriction 
endonuclease. and a step in which the fragments are inixed. denaoired. and then 
annealed. The fragmentation and denamring/annealing steps can occur in cither 
order. The purpose of the denamring/annealing step is to produce a mixture of 
hybrid target nucleic acids. In a 50:50 mixmre of mutant target and wild type 
nucleic acids, four different products result: 25% homozygous mutant double- 
stranded nonrandom length fragments. 25,% homozygous wild type double-stranded 
nonrandom length fragments, and 25% each of the two forms of heterozygous 
mutant/wild type hybrid nonrandom length fragments. See FIG. 10 (Ulustrating 
the use of wild type NLFs as wild type probes to generate a base mismatch with 
mutant tTLFs). The heterozygous nonrandom length fragments contain at least one 
base mismatch at the site of mutation, i.e. the poim(s) of sequence variation 
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between mutant and wild rype The neirr cr^r, 

type, ine next step involves treairaem of the nonrandom 

length fragments with a mismatch-specific reagent that cleaves at the site of the 
base mismatch in the heterozygous mutant/wild type nonrandom length fragments 
These new cleavages (the number of cleavage events will depend on the panicular 
enzyme used) typically reduce the nonrandom length fragment containing the 
mutation into nvo smaller nonrandom length fragments. The 50% of the mixture 
that contains the homozygous double-srranded nucleic acid fragments with no 
mismatches will not be cleaved during the mutation-specific cleavage 

. Example schematic ma« spectral plots are shown in HG. lOB ^An 
«cpectedspectnnn would show a 

length fragment containing the base mismatch that is cleaved by the strucmre- 

spcc^fic endonuclcase (c.g. peaks 32+(Mut). 32+(Wt), 32.^^^ 
and the introduction Of several sn^Iler peaic^ 

. .peaJcs representing the set of hetero^^^^ NLFs that contain 

24+). ll,ese peaks cornrsponding to the heterozygous NLFs containing. 
mismatches a« reduced in intensity but continue to be present since only 50% of 
the molecules exist in the heterozygous form that.can undergo the mutation- 
specific cleavage. 

It is possible to bias die population of the different 
heterozygous/homozygous forms by performing the amplifications of die target 
nucleic acid asymmetricaUy. Thus, one can xnaximize die types of nonrandom 
length ftagments yielding mutational data with the majority of die duplex formed 
dunng die annealing process being heterozygous positive (+) strand mutant and 
negative (-) strand wild type. 

While it is possible ,o observe simiUr pancms usii.g gel elecoophorcsis 
techniques, me sccaiacy obtained by ,:;ass spec^meny provides the 
advantage of accurate detemunation of the natun: of a,e munition the ability to 
tocnnine the size and order of a« two non„™,om kngth fragments cea,ed by 
<!.= mutation-specific cleavage. In the example in HG. lOB. the resulting 
mtsmatch-spccific cleavage ftagments are represented by sias 8. 1 1 21 and 24 
nucleotides in length. Using electrophoretic techni^es. it would be impossible to 
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differenciate the two mutant fomis at 8 and 21 (fragments 24+ and 12- do not 
possess the mutant base and are identical in heterozygous fonns C and D) nor 
would it be possible to directly deterniine which fragment is upstream (toward the 
5- end) and which fragment is downstream (toward the 3' end), e.g. in the positive 
strand it is 8+ that is upstream from 24 + . By providing exact mass values 
mass spectrometry allows these strands to be ordered based on mass value 
database comparison with the fragments expected from the known sequence of the 
wild type target nucleic acid. By completely identifying the location and nature of 
the mutaao^ this mass spectrometric method eU for sequencing 

the target nucleic acid. 

HG. lOB shows how the mismatch-specific cleavage event adds complexity 
to the mass spectra. In the example shown, there are several locatiotK where 2 3 
and even 4 different NlJs have the potential to overlap in the mass ^ 
unmaking the full spectrum difficult to resolve, v As discussed previously., and shown 
m FIG. 5. the mass spectra can be giratly simplified by performing the mass 
spectrometric analysis on only the + or the - strands of the nonrandom length 
ftagments. For example. FIG. II shows the set of nonrandom length fragments 
that are derived by analyzing only the + positive strand of ihe mutant tai^et 
nucleic acid. By eliminating the homozygous nonrandom length fragments that are 
not mutation-specifically cleaved and removmg the negative strand from the mass 
spectrometric analysis, the total number of noni^om length fragments to be 
analyzed can be reduced from 20 to 7. with no two .mass peaks having the same 
number of nucleotides. Of course, in other sioiations. two peaks may be from 
nonrandom length fragments of the same length depending on the type of mutation 
present, but such situations will be infrequent. 

This mismatch-specific cleavage, like the incorporation of mass-modified 
nucleotides, extends the usable mass range of the initial target nucleic acid for 
mass spectrometric analysis since the primary mass accuracy needs are in 
determining the reduced mass of the nonrandom length fragments created by the 
mutation-specific cleavage and not in determining the mass of the other nonrandom 
length fragments that are unaffected by the mutation-specific cleavage. 
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It is not always necessary to fragment the target nucleic acid in tandem 
with mismatch-specific cleavage if the size of the nonrandom length fragments 
created by the mismatch-specific cleavage is small enough to fall into the usable 
mass range with the necessary mass resolution and accuracy. Target nucleic acids 
as large as 200 base pairs will yield at least one nonrandom length fragment 
created by the mutation-specific cleavage wherein the nonrandom length fragments 
can be a size less than 100 base pairs, e.g. a 200 bp target nucleic acid with a 
mutation at position 135 will produce nonrandom length fragments of 65 and 135 
after cleavage at the site of base mismatch, 

FRAGWE.>rrAT10N USING STRUCTURE-SPEanC ENDONUCLEASES to cleave A 

Folded Target Nucleic Acn> iw ^ij^ave a 

Another nonrandom fragmentauon method of the invention involves ; 
.providing a target nucleic acid that is either a pbsitive or. a^negative single-stnmd; . 
providing conditions permitting folding of the single-stranded Itarget nucte^^ to 
fonn a three-dimensional stmcmre having intramolecular secondaiy and tertiary 
interactions, and nonrandomly fragmenting the folded target nucleic acid with at 
least one strucmre-specific.endonuclease to form a set of single-stranded 
nonrandom length fragments. A diagram of this procedure is provided in FIG. 12. 
An example of conditions, that permit folding of tiie single-stranded target nucleic 
acid are heating to denaniration followed by slow cooling to permit annealing to 
form a diermodynamically favored secondary and tertiary structure. The 
smicmrc-specific endonucleases include: T4 endonuclease VH. RuvC, MutY. and 
the endonucleolytic activity from die 5--3- exonuclease subunit of thermostable 
DNA polymerases. 

An alternative to the use of stnicture-specific endonucleases is the use of 
some of the same singlc-strand-specific chemical cleavage procedures describe 
earlier in tiie text. Because of the higher frequency with which these reagents 
might cleave relative to the stnicture-specific endonucleases. it is necessary that 
the secondary and tertiary stnicnires formed by tiie single-stranded target be more 
compact, limiting the access of the chemical reagents to tiie various reactive 
nucleotides. Approaches to forming these more compact stmctures include 
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performance of the reactions at lower temperature, under higher salt conditions, or 
the use of RNA versus DNA since RNA is known to form more complete 
secondary and teniary strucnires. Using this method, the cleavage reaction can be 
mn to completion to produce a standard set of nonrandom length fragments or run 
only partially with the potential of producing a nested set of products that can be 
analyzed by mass spectrometry or by electrophoresis methods. 

Purification Methods 

. When, analyzing micleic acids, including 
mass spectrometry, there are several requirements that need to be met. 

First, as has been described earlier, is the need to pnxiuce fragments witliin 
the resolvable range and high mass accuracy range of the mass spectrometer. 

Second, is to eliminate from the sample, nucleic acid fragments that do not 
contribute to the analysis and niay uimecessaiily convolme the mass spectra 
analysis methods such as gel electrophoresis,va.niixture of specificaDy labeled 
micleiqacid fragments (radioactive or by fluorescent tagged) can be visualized in 
the presence of other unlabeled nucleic acid fragments thai comigrate but arc 
invisible and therefore do not convolute analysis of the gel data. The mass 
spectromctric methods described herein do not use any form of labeling that could 
render certain fragments invisible, e.g. the negative strand in a double-stranded 
product, and it is therefore necessary to remove such firagments prior to analysis. 

Third, is the need to produce samples of relatively high purity prior to 
introduction to the mass spectrometer. The presence of impurities, especially 
salts, greatly affects the resolution, accuracy and intensity of the mass 
spectrometric signal. Contaminating primers, residual sample genomic DNA, and 
proteins, all can affect the quality of the mass spectra. 

In addition to the three requirements listed above it is also desirable for the 
methods to be amenable to automation, fast and inexpensive, providing an 
effective approach for detecting genetic mutations. 

Existing purification methods are all designed to work with labeled 
molecules that were typically analyzed by gel electrophoresis. As well as utilizing 
labels, electrophoresis is, to a certain degree, tolerant of impurities including salts 
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and proteins. For mass spectrometric analysis, prior an purification methods such 
as precipitation combined with vigorous alcohol washes, filtering and dialysis, and 
ion exchange chromatography are unsatisfactory because they camiot eliminate 
unwanted nucleic acid fragments and nonnally do not remove all salts from a 
sample. Solid phase approaches such as glass bead capture under high salt 
conditions, biotin/streptavidin binding, direct solid-phase covalenl linkage, and 
capture via hybridization to solid phase bound oligonucleotide probes can be used 
to eliminate unwanted nucleic acid fragments but typically require high levels of 
salt during many of the wi;h steps, rendering, the products less pure and 
compromised for mass spectrometric analysis. 

The purificauons methods of the present invention are better suited to mass 
spectrometric analysis of nucleic acids than die prior art methods. First, the 

:methods:herein physically isolate^-s of nucleic acids from a multiplicity 

. x,f.impurities.mchiding undesirable nucleic acid fragments; proteins, salts; that 
would nrsult in a poor quality mass spectrum. ;Second. the;methods^^^^^^^^ 
a sohidon comprising volalUe salts such as ammonium bicarbonate, dimethyl 
ammonium bicarbonate or trimethyl ammonium bicarbonate in any of the steps 
including hybridization, endonuclease digestion or washing, niese two differences 
are significant advantages over the prior art because: (1) physical separation of the 
desired set of nucleic acid fragments for mass spectrometric analysis is better than 
the labelling methods of the prior art that do not physically separate the target 
nucleic acids from a variety of odier impurities that interfere with an accurate 
mass spectrum; and (2) the use of volatile.salts in any of die steps prechides die 
need for any wash step known m the prior art to merely remove salts or inorganic 
ions. 

Double Strand Fragme nt Cannin. ADDrnaeh/>c 

There are a number of basic ways to purify DNA restriction products from 
salts and other small molecules including precipitation, filtering, dialysis, and ion 
exchange chromatography. While all of these mediods are effective, they are not 
aU equally usefiil for removing amplification primers, residual DNA. i.e. genomic 
DNA. or any proteins used. In addition, none of die basic approaches meets all of 
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Che requirements of automation, speed and cost. The approach thai comes closest 
is the use of small ion exchange spin columns, which are somewhat expensive and 
not simple to integrate into an automated setup. These small ion exchange spin 
columns can, however, produce high quality nucleic acids for mass spectrometric 
5 analysis. A better alternative is the use of (magnetic) glass beads to 

capture/precipitate nucleic acids of a specific size range and allow them to be 
rigorously washed. However, this method, like all of the other prior art methods 
described above, does not allow for the removal of unincorporated DNA primer 
since they arc of the same size as the nonrandom length fragments to be analyzed 

10 and cannot be simply differentiated. 

Another general approach to purification of double-stranded fragments is to 
■direcUy capture the target nucleic acid and/or a set of nonrandom length fragments 
by oiie of three means: (A) hybridization to capture probes c a first 

-binding moiety that-specificaUy Jjinds to^^a a 

15 soUd phase; (B) binding the target nucleic acid or the members of the set of NLFs 

each comprising a nucleotide sequence and a first binding moiety to a second 
binding moiety attached to a solid phase; or (Q direct covalent attachment of the 
target nucleic acid or the members of the set of NLFs to the solid support. Each 
of these methods has advantages and disadvantages. 

20 (A) Hybridization to solid support bound capture probes is straightforward, 

specific, and can be made thermodynamically and kinetically favored by 
optimizing the size and concentration of the capture probes. Optimization is 
necessary since the set of NLPs would generally, prefer to hybridize to their 
complements rather than to the capture probes. (This approach also works well 

25 for single-straixl isolation as described in the following section.) A variation is to 

bind the probes to the solid phase after hybridization to target. Both 
biotin/streptavidin and covalent approaches for linking the probes to the solid 
phase are feasible. The principal concern with this approach is that maintenance 
of the hybridization, especially during wash steps, requires relatively high level of 

30 salts and makes it more difficult to produce a salt-free product for mass 

spectrometric analysis. Solutions to this problem include the use of relatively long 
capmre probes to increase melting temperatures or the use of volatile salts that can 
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be removed prior to mass spectrometric analysis. The use of volarile salts is 
described in more detail elsewhere. 

(B) Biotin coupling to streptavidin (or avidin) requires that any target 
nucleic acid or nonrandom length fragment to be captured contain a biotin. It is 
straightforward to capture the target nucleic acid because biotinylated primers can 
be used in the PGR amplification. In order to capture all of the fragments after a . 
restriction digest, it is necessary to incorporate biotin into aU of the fragmems. 
Three possible routes for biotin labeling are. (1) the inclusion of a biotinylated 
nucleoside triphosphate during, fragment synthesis, (2) the use of a DNA 
polymerase to fill in at 5* restriction overhangs using a biotinylated nucleoside 
triphosphate, and (3) the use of ligase to ligate a biotinylated oligonucleotide at the 
restricted ends of the nonrandom length fragments, where the oligonucleotides are 
either complementary to the restriction sequence overhangs or are capable of blunt 
end ligation. 

Each of the three approaches . have their problems but are feasible. Biotins 
incorporated in method (1) may inhibit the restriction ;endonucIeases to be used and 
prevent the use of structure-specific nucleases in a second mutation-specific step 
since the biotin may be recognized as DNA. modifications to be excised. - Method 
(2) is more feasible but requires a preliminary cleanup step to exchange the normal 
triphosphates for biotinylated ones. Resttiction sites are limited to enzymes that 
produce 5- overiiangs. Method (3) is more generalizable than (2); its principal 
weakness is competition with larger fragments that will want to relegate. 
However, this competition can be overcome by using an excess of the biotinylated 
linkers. 

(Q The approach of direct covalent attachment of NLFs or target to a solid 
support faces many of the same challenges as the biotin/streptavidin approach but 
also includes the.need to design specific, "hot" (i.e. fast and efficient) binding 
chemistry working with low concentrations of material. 

The target or members of a set of NLFs can be covalently attached to a 
solid support using any of the number of methods commonly employed in the an 
to immobilize an oligonucleotide or polynucleotide on a solid suppon. The target 
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or NLFs covalentJy attached to the solid suppon should be suble and accessible 
for base hybridization. 

Covalent attachment of the target or NLFs to the solid support may occur 
by reaction between a reactive site or a binding moiety on the solid support and a 
reactive site or another binding moiety attached to the target or NLFs or via 
intervening linkers or spacer molecules, where the two binding moieties can react 
to fonn a covalent bond. Coupling of a target or NLF to a solid support may be 
carried out through a variety of covalent attachment fiinctional groups. Any 
suitable functional group may be used to attach, the target or NLF to the solid 
support, including disulfide, carbamate, hydrazone. ester. N-fiinctionalized 
thiourea, fiinctionalized maleimide. streptavidin or avidin/biotin. meicuric-sulfide. 
gold-sulfide. amide, thiolester, azo, ether and amino. 

The solid support may be made from the following materials: cellulose, 
nitrocelhilose.. nylon membranes.tcontrolled-porc glass beads, actyl^^^^ 
polystyrene, activated dextran. agarose, polyethylene, W 

glass. sOicon. aluminum, steej. iron, copper, nickel and gold. Some soUd support 
materials may require fiinctionalization prior to attachment of an oligonucleotide or 
capmre probe. Solid supports that may require such surface modification include 
wafers of aluminum, steel. in>n. copper, nickel, gold, and silicon. Solid suppon 
materials for use in coupling to a capmie probe include functionalized supports 
such as the Ll'-carbonyldiimidazole activated supports available from Pierce 
(Rockford. IL) or functionalized supports such as those, commercially available 
from Chirpn Corp. (EmeiyviUe. CA). Binding of a target or NLF to a solid 
support can be carried out by reacting a free amino group of an ammo-modified 
target or NLF with the reactive imidazole carbamate of the soUd support. 
Displacement of the imidazole gn)up results in formation of a stable N-alkyl 
carbamate linkage between the target or NLFs and the support. 

The target or NLFs may also be bound to a solid support comprising a gold 
surface. The target or NLFs can be modified at their S'-end with a linker aim 
tenninating in a thiol gn>up. and the modified target or NLFs can be chemisorbed 
with high affinity onto gold surfaces (Hegner. et al.. Surface Sci. 291:39-46 
(1993b)). 
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In aJl of Che methods in which a solid-phase approach is used, the double- 
stranded nonrandom length fragments can be rigorously washed to remove 
deleterious contaminants. Following washing it is necessary to release these 
fragments from the solid support- for mass spectrometric analysis. The isolation of 
a set of NLFs may be perfonned on the same plate that is used within the mass 
spectrometer. Both the capture probe hybridization and biotin/streptavidin 
approaches can use heat and/or pH denaturation to disrupt the noncovalent 
interactions and afford release of the set of NLFs bound to the solid support 
Altermdveiy. a cleavable linkagexan be incorporated between the first binding > 
moiety and the NLFs. Any covalent coupling chemistr/ will need to be either 
reversible or it wUl be necessary to include a separate chemically cleavable linkage 
somewhere within the bound product. It may also be usefxil to use a chemically 
.^cleavable linkage apprpach with t^^^^^^ 
.u;^thedouble-stranded:fi^^ 

In aU cases the cleavable linkage can be jocated within th^^^^ 
competing the biotin and the basf(e.g.a disulfide bond in the ^^^^^^^ 
base itself (e.g. a more labUe glycosidic linkage), or within the phosphate 
backbone lhJcage (e.g. , repl^^ of phosphate with a phosphoramidate). 

One alternative to these solid-phase approaches described above is to 
capmre the target nucleic acids prior to nonrandom fragmentation with one or 
more restriction cndonucleases. Rigorous washes to remove polymerase, salts, 
primers and triphosphates required for amplification are foUowed by treatment' 
with minimal amounts of restriction enzyme under very low salt conditions. This 
mixture is then directly analyzed in the mass spectrometer. Mass spectrometry 
can tolerate salts if their concentrations are low enough and a limited class of 
restriction enzymes can work under very low salt conditions. 

The low salt approach does limit the restriction sites that can be cleaved as 
part of the methods of detecting mutations. Many restriction cndonucleases 
require a significam level of salt. An attractive alternative to limiting the 
restriction endonuclease cleavage reactions to low levels of salt is to replace the 
salts normally used with volatile salts. These salts, such as ammonium 
bicarbonate, dimethylammonium bicarbonate or trimethylammonium bicarbonate. 
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can be removed prior to mass spectrometric analysis through simple evaporation 
Evaporation can be accelerated by placement of the sample in a vacuum, such as 
the mass spectrometer sample chamber, or by heating the sample. 

APPROACHES TO CaPTORING SiNGLE-StRAJVDED FRAGMENTS 

As described earlier, analysis of single-stranded nonrandom length 
fragments is generally preferable since it provides a complete set of data with the 
minimal number of fragments and therefore simplifies the spectra and facilitates an 
. increase in the total length of nucleic acid that can be analyzed in a single assay . 
A number of approaches, as described above. ,can be taken toward the production 
of single-stranded fragments and their purification which includes the elimination 
of undesired fragments. 

If DNA restriction endonuclcascs are used to produce the nonrandom length 
:^.^fragmcnis. it is necessaty that the target .nucleic.acid:have^^ido^^^ 

prior to restriction, or more specificaUy. that, the restriction endonudease : 
recognition sites be located in double-stranded DNA. The alternative to having 
fully double-stranded DNA prior to restriction is to hybridize restriction site 
probes to single-stranded DNA, wherein the restriction site probes are 
complementary to the restriction sites for selected restriction endonucleases. 

The basic known methods for DNA isolation - precipitation, dialysis, 
filtration and chromatography do not isolate single-stranded from double-stranded 
DNA. If these purification methods are employed it is necessary to add a separate 
step where single-sttand isolation is performed. 

Isolation of a set of single-stranded NLFs can be accomplished using a set 
of capmre probes. "Capture probes" are oligonucleotides or polynucleotides 
comprising a single-stranded region complementary to at least one nucleotide 
sequence of the single-stranded NLFs to be isolated and a first binding moiety. 
The first bindmg moiety is capable of covalent or noncovalent binding to a second 
binding moiety attached to a solid support. The capture probes can comprise a set 
of capmre probes, each of which contains single-stranded regions complementary 
to a corresponding member of a set of NLFs. A capture probe can also comprise 
a full-length single-stranded target nucleic acid that is complementary to the 
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nucleodde sequence of the mexnbers of a ser of NLFs. The capture probes can be 
bound to a solid support using the methods described above for binding a targe: or 
set of NLFs to a solid suppon. 

If restriction endonucleases are used to produce nonrandom length 
fragments from DNA, the preferred method for isolating single-strand fragments 
from these products is to use a select set of capmre probes. In one embodiment 
the capture probe consists of either Ml length positive or full length negative 
strand where the strand has been modified to contain a solid-phase binding moiety 
THe process using, fiill length negative strand modified to contain a biotin at the 5'' 
end is illustrated in FIG. 13. The capmre probe is made and. the target mideic 
acid .s fragmented m two separate reactions. Following inactivation of the 
restriction enzymes the probe and double-stranded fragments are mixed, denamred 
and amieaJed producing a hybrid product of positive strand fragments am«aled to 
frill length negative capture prx,be. Tie capture pix,l«^^^^^ 

sohd phase via a biotin-streptavidin interaction prior to or, following of the 
probe/fragment hybrid. Following the necessary wash steps. the fragments are 
released and analyzed by mass spectrometry. Optionally. the fragments can be 
probed for a mutation-specific base-base mismatch and fragmented using one of 
the mismatch specific reagents described earlier. Illustiations of the different 
spectra produced without and witii the optional second step are shown in FIG 13 
Note that after muution-specific. mismatch-specific cleavage fragments that arc 
distal from the soUd phase bindii^g site will be released into solution and washed 
away, therefore, not analyzed. ,I.>se of these fragments can enhance the ability for 
mass spectrometry to quickly and easily identify the site of mutation. 

An alternative approach to using restriction endonucleases is the use of 
fragmenting probes. These have been described in detail above, and allow the use 
of a target nucleic acid consisting of either DNA or RNA. The final products 
usmg fragmenting probes and single-strand-specific nucleases, are double-stranded 
and thus without any additional steps do not themselves produce ti,e set of sinele- 
stranded. nonrandom length fragments necessary for analysis. However, there are 
several approaches that can be used to yield single-stranded nonrandom length 
fragments. 
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The first approach for producing single-stranded nonrandom lengdi 
fragments is useful when the target is RNA and the probes are DNA or visa versa. 
In this case, the double-stranded products are RNA/DNA hybrids and can be 
selectively treated with either a DNA or RNA specific nuclease to yield the 
opposite NLF intact. Acid or base treatments are also an option. These single- 
stranded products can then be isolated using a number of conventional methods 
described above. 

A second approach to producing single-stranded products for mass 
spectrometry is to attach the si?e and sequence specific capmn^^ toi a solid, 

support before or after hybridization to the target nucleic acid and the single- 
strand-specific cleavage. Since the probes arc bound to the solid phase it becomes 
possible to capmre. wash, and then selectively release the nonrandom length target 
fragments as single-stranded molecailes: Following any wash steps, the nonrandom 
length target fragments are removed from^the solid support by denaoiration of the 
double-stranded complex. Once released, .the singlerstranded fragments can be 
directly analyzed by the mass spectrometer. 

One of skill in the art wiU know how to use capmre probes to capture 
single-strands of a set of NLFs to a solid support in all the embodiments of this 
invention. For example biotinylated capmre probes can be used to capmre single- 
stranded fragments following cleavage of the target nucleic acid with restriction 
endonuelcases (optionally after neutralizing the restriction endonudeases). The 
use of capture probes provides a relatively high level of flexibility to select which 
set of NLFs to analyze at any given time. Large capture prtibes. capable of 
hybridizing to all or several different fragments, can be used to capture the 
fragments correlating to one strand of a target nucleic acid. e.g. a capture probe 
that is full length negative strand. A short capture probe or combinations of 
shorter capture probes can be used to selectively choose particular fragments from 
either strand to analyze in a given mass spectrometric sample. For example, if 
several fragments share similar sizes it might be preferable to analyze them 
separately. 

As another embodiment, a full length target nucleic acid can be capnired 
before restriction digestion using a capmre probe that is nuclease resistant. In this 
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buffer exchange in all cases where nucleic acids are to be analyzed by mass 
spectrometry. 

Solid phase purification schemes involving DNA hybridization commonly 
described in the literature do not focus on the removal of salts since gel 
electrophoresis techniques are much more tolerant of salts than mass spectrometry 
[S. Wang. M. Krinks & M. Moos.-DNA Sequencing from Single Phage Plaques 
using Solid-Phase Magnetic Capture" Biotechniques 18, 130 (1995); R 
Sandaltzopoulos & P. Becker "Solid-Phase DNase I Footprinting- Boehringer 
Mannheim Biochemica 4. 25 (1995); both incorporated by refer^ice herein] 
These methods are priinarily focus on the removal of strands, complementary to 
template prior to enzymatic reaction and/or enzymes and unincorporated labeled 
nucleotides or primers foUowing reacdon. In such schemes residual salt levels can 
be as high as lOOmM NaCl and 25 mM MgCU. -Mass spectrometry is intolerant 
of isalt concentrations of this level., , [T>ShaIer et aI. -Effto of on the 

Matrix-Assisted I^r Desorption Mass Spectra o^^^^^ 

Oligodeoxynucleotides - Anal. Chem. 576 (1996)] The .methods describoi 
herein using volatile salts provide an imiovative approach to isolating and handling 
, .target nucleic acids and/or nonrandom length fragments for mass , spectrometric 
analysis. 

The volatile salts can be removed from the sample prior to mass 
spectrometric analysis by evaporation. Evaporation of the volatile salts can be 
enhanced using a variety of methods, including use of vacuum,; heating, laminar 
flow of a dry gas over the sample, or. in the case of ammonium bicarbonate (or 
dimethyl or trimethylammonium bicarbonate), reduction of the pH by addition of 
an acid, including 3-HPA. can speed up the decomposition of the salt into 
ammonia (or dimethyl- or trimethylammonia) and carbon dioxide. Volatile salts 
can be used in a variety of methods, beyond those described here, for preparing 
samples of any number of organic molecules, including proteins, polypeptides, and 
polynucleotides, for mass spectrometric analysis. 

Each of the nonrandom fragmentation techniques described herein can be 
used in combination with any of the isolation methods also described herein. 
Moreover the nonrandom fragmentation techniques can be used in combinadon 
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h=™n how ,o combine U.C diffe.„ aspec. of .he tav=„,o„. For example a. 

.ndooucea^e-ccave. NLFs. AU of „,c.hod. and combi^adons m=raof can 
^uonany :„c.u<,e u„ of n^s-.o<,ifi«i „„=,eoud«. i„.n., oalih™. and voUcile 

The kta d™ above for ^,o.,y fragn,en™g urge, nucleic acid, 
and de^cung n,uuuon. in one or more .a.ge. nucleic acids can aiso concain a 
combu.„on of differen. means ofocnrandon,., frag^g ^„ 

!^tol"? ^ '""^ *e nonrandom-ieng* ftagmen. U.. 

are to be analyzed by mass spectrometry. 

-samples are provided to mustrate embo^^ 
invention, but do not limit the scope of the invention. 

EXAMPTP-*; 

^Example 1. PCR Amplification of Source Nucleic Adds. 

PGR methods h.ve been extensively developed during the last decade An 
c^ple protocol is as fouows. A'sample containing lO-lO.O^ 
DNA molecule . mixed with two antipatallel DNA primer, that surround . targeted 
seance, e.g. the coding region for a gene involved in carcinogenesis. Tl. PCR^ 
m« ts composed of: 8 ,1 2.5 mM deoxynucleoside triphosphates. 10 ^ lOX PGR 
buffer, 10^25 mMMcCl 3 „lin.,iu, ^ . »" 'ua ri,K 

0, ' '°'*" P"™--. 3 ^UO;J« n^crse primer 

tbc^subie Ta^.DNA po.^. «.7 ^ H.O. and I ^ source DnI The 
-pie mbe . seaied and piaced inro a d^rma, c^iing device. A .^icaj cyC^ 
protocol is as follows: J-h*^ cycling 


Step 1 

95'C 2min. 

Step 2 

95'C 15 sec. 

Step 3 

55-C 15 sec. 

Step 4 

72-C 1 min. 

Step 5 

repeat Steps 2-A 35 times 

Step 6 

72-C 5 min. 

Step 7 

stop 

. (^ 
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Example 2. Production of Single-Stranded Nucleic Acid, h a 

Tu ^ ■ T^^T, i^ucieic Aads by Asymmetric PGR 

Exa„,p^ 3. Producuo- of Sin„e.S.3.ae<. Wa Bioci„,„te. PCR Product. 

nr«H . - ««=P^vxdm. For .example. 10 pmol of double-stranded PGR 

product IS mixed with 5 ul MPG rin o,r,/™n 

in , K- . ^^^^ paramagnetic stnrptavidin-coated beads 

m a brnding/washing buffer of 2.0 M NaCI in ,r,K>r x - ^ / 

c ivi iNat-i, 10 mM Tnsa. 1 mM EDTA nH r n 

The solution is incubated for 15 min at roowr, ^ 
■ u • nim. at roomrtemperamre with mixing. FoUowin^ 

incubauon the mbe is, placed ^ ^ high field xar^ e^rth "^"^^^^ 
Paiamgiiedc beads with ite bcwnd biotinytattd PTP „„H Siiei ana lt,= 

walli.fth.mh, -IT, '"^'^"^ SCR P-wiua are precipitated to the 

of the tube. Ihe s.^^ ^ ^^^^^^ 

It " bindiu^washit.. buffer. ^ beads a^ 

wash soiuuon are ouxed at^d then ^bj^ „^^^ ^^ ^ 

„ the u^c particles. ,1. sap^^ ^ _ J^j^ 
^ wash step .s tepcatcd or d. a«=a,i,« deoatutation step con^tnces. In order J 
re ease d,e unbiotinytated strati ^ doubie-sttanded product ^ beads a^ 
ouxed wtu, at. allcaline dcnantrationspiutiot. 0.1 M NaOH. 1^ beads arc incuba.^ 
« room tetuperature for 10 min. Which actumres d^e PGR p^^ 
^otu^ylatcdptoductinto solution. Tl« biodn^a^ sttand. bound to the otagnetic 
^ .s ptectpttated ftotn the solution under d» .agnatic fleid and ut^bioUnyiated 
-and. now su^gle-strandcd. U ttansferr=d to a new mbe wid, the supetnatant. In an 
opuonal secondary step, d» now siog,e-strand«, biotinyiated strand can be fieed from 

the magnetic beads by boiling the beads in «,,r.^ f ,« . 

S me oeads m water for 10 mm and transferred with the 

new supernatant after magnedc precipitation of the magnetic beads. 
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Example 4. Mass Modification of Target Nucleic Acids 

Mass. .cdiflcacicn of the targe: nucleic acid is pcrforxned during d.e 
"""^ ""^'^ ~ ^-..nucleoside triphosphates are replaced 
2 AS an example thymidine is replaced 

wxt^ a 5-aIlcynyl-substin:ted-2'^eoxyuridine triphosphate. Because the modified 
nucleotides n.y not be efficient substrates for DNA polymerase it „.ay be necessary 

^ :^P-^-^ly--d. double-strand DNA p 
..PCRa:..sul,ectedtoscqu^ 

of the frequently cutru^ e^es Mnl I and HinP.I in the.buffer ™ 
by the enzynae supplier. The reaction is incubated at 37 X for 1 hour, followed by 
an enzyme-denamring incubation at 65- C for 15 min. 

^ *c sow ,n«t^ ,,3^ .^ ^^ ^_ ^ ^ 

A. an e«„p,c. a «■ of 10 ^ ,o„g p^^ ^ ^ 

sequence, are synthesized with the sequence 

C^Q m NO: 1, 5- NNNOCCCNNN S'. ^ n, „ ^ 

wtee a» Hac m ,«:ognidon ^ (e.g. p„be (S£Q ID NO- 2) 5' 
GACOCCCAAA 3" ,o compIcn,=„, u,c s«,u=n« (SEQ m NO- 3) 5' 

...nrooccGTc... 3,. ^ , ^ ^^^^ 

rcstncuon buffer to be used in the ei^.a«=„« ■ ^ 

"SCO m the cleavage step, is denatured at 95 "C and then 
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incubated at SZ'C (the average T„ melting temperature for the probes) for 15 min 
allowing the probes to anneal to target and producing a mixture of single-stranded and 
doubIe-st:anded regions within the target nucleic acid. The hybridized product is then 
Cleaved at the double-stranded sites using one or more specific restriction 
endonucleases (e.g. Hae EI), under conditions similar to those described in Example 

Example 7. Non«ndom F^entation of Single-Stranded Target Nucleic 

sS^^r^ J^'^'^'^'"' ^""^^ in Combination with StegTe^ 
Strand-Specific Endonucleases. , 

Single-stranded DNA target, produced, for example, by asymmetric PGR or 
by the solid phase methods described in Example 3. are mixed with fragmenting 
probes complementary to the taisei DNA. As an example, a mixmre of probes with 
sizes of 24, 26. 28. 30. 32. and 34 each with sequences complementary to^^^^ 

probes, dissolved in SI nuclease digest buffer comprised of 50 mM NaAcetate pH 
4.5. 280 mM NaCl. 50 mM MgCl,. and 4.5 mM ZnSO. are denamred at 95*0 and 
: then incubated at 55-C (the average T. for the probes) for 15. min. aDowing the 
probes to amieal to target and producing a mixmre of single-stranded and double- 
stranded regions within the taiget nucleic acid. The hybridized product is then 
digested in the smgle-stranded regions using 1 U SI nuclease per t^g target DNA. 
incubated at room temperature for 30 min 

25 ^^P»<^8' No^i^dpn,^^ 

Aads Usmg Mismatch-Specific Cleavage. 

Example 8. 1 Chemical rieavatr,, Vf K marched ry tr^^ir.^ 

A heterozygous, mutation-containing DNA target is produced, either by PGR 
of a heterozygous source nucleic acid or by hybridization of wild-type probes to a 
mutation- containing single-stranded target DNA. For solid phase capture and 
purification protocols the DNA probes are synthesized either chemically or 
enzymatically in such a way as to contain biotin moieties. By either route, when a 
mutation is present a mismatch forms between the target and wUd type. A cleavage 
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30U..,<=„ of .,..oxy,.„,i„e ^ , .yd..x„.„,i^ 

.^oconde .„ : ^ H.O foUowe. .ropwise a..i J„ of , 75^1 

Of diethyiamine to yield a solution of nR « a ^ r 

5oiuuonofpH6. A 6 mL sample of double-stranded DNA 
containing a mismatch site is mixed with a 9n rr^r «f w ^ 

„. , . ^ ^° °^ hydroxylamine solution and the 

d.o„ Of 374 Of H.0 so.Uo. . _ove. ..e. so,i. p^'. oap^ 

Of f« _ p^uo. usio, magnetic beads „iu, washes perfonncd ta a sMar 

ao 5 mL Of piperidtoc is added. sotaUcn is tota«d „ 90C for 30 
nuou^s and *e„ placed on ice » coo,. A 300 mL portion of H.0 is added a^I 

descnbed m Examples 9 and 10. «^ 

A OTHcal oass specaum obuinoi ftom^ a^^^^^ 
a point mutation is shown m TTTr' i>i ^ "-»uuu ai 

F= n IS Shown m HO. 14. He source DNA in Uiis case is a section of 

d» cod.g science for ti«pJ3 gene. A 134 base long PCR p^dnc. is produced as 
«B^p.e I an^,i^p53 c«.on 133 „ 233 containing a he.emz.gons poin, 

nn.ar.oun,cc^n2X3. CGA->TGA. IT^forwardprimercomaini^^ 

a chemicaUy labHe linker «rffh!n .k. • . n ■> raoonano 

„H. , . !! ""^ P™""-- "=«^ primer being a standard 

^.gon„c>^ude^^n^,„„,^^^^^_^__^^^ 

as d-nbed above, cleaving u>e n^.b a, C in codon 213. The pmdnc, is 
punfled as descnbed in Exan^pie 10. and ana,^ as described in Exan,p,c n 1 
-og p^ appears at the n^ cotreiating « a product 75 bases in size identiiying 
a C .s present in a nnsn^h in d« firs, position o, codon 213. An anaiysfa of 
mutauon-ftee „i,d ty^, shown in HO. 15. conuins no nusmatch .r^ the^fore no 
cleavage occurs. 

&;^ple 8.2 n,m,ical n^v,„. f .;- ^,,,,,^ 

ONA ^ Obtained in a sin^iiar manner to Exa„,p,e 8... T,. ntodificadon 
reagcm .s a 20 n>M solution of KMnO. i„ deionized H,0. To 6 mL of doubie- 
-oded DNA containing a n^^atch site . added 14 mL of *e n^odification 
reagen,. Tie soiution is mixed gently ^ ^^^^^ ^ ^^^^ 


10 


15 


20 


25 


30 


WO 97/33000 

PCT/US97/03499 

58. 

minutes during which un,= me solution mm. slightly brown. A 20 mL ponion of a 
solution consisting of 1.25 M sodium acetate pH 8.5 and contaimng I M 2- 
mercaptoethanol is added to stop the reaction, which results in the solution becoming 
unmediateiy colorless. A 360 mL ponion of H.0 is added and the solution is either 
spun through a Microcon-30 ultrafiltration unit 2X. collected, and then evaporated to 
dryness or taken dmugh a solid phase capmre and wash protocol. The DNA is 
redissolved in 45 of H.O and 5mL of piperidine is added, -n-e resulting solution 
.s heated to 90C for 30 tninutes and then placed on ice to cool. After it cools d,e 
solution is diluted by .he addition of 300 mL of H,0 and then evaporated to dry,«ss 
AS an altemadvc the cleavage products can be puriHed by one of the two method, 
described in Examples 9 and 10. 

A typical n«ss specimm Obtained W t^^ 
nxutation is Shown in TO. .16.. T^^^ ^ ^ ^^^ 

coding sequence f<»^.the p53 :g««::^ is produced as in 

Example 1. ^li^ying p53 fo,m codon 188 1012^^ 
mutation in codon 213. CGA- > TGA. The fonvaxd prim^^ 

a chemicaUy labUe linker vothin the primer, the reversed printer being a standard 
oUgonucleotide^ "^^ "^^"^ -ontaim^ . 
described above, cleaving the mismatch ate in codon 213. lUe product is purified 
as described in Example 10. and analyzed as described in Example U. a strong 
peak appears ar the mass correlatmg to a produa 75 bases in size identifying that a 
T «5 present in a mismatch in the first position of codon 213. Based on the data from 

the analysis in HG. 14 and FIG. 16 it is possible to confirm d^at a C->T mutation 
hns occurred in this p53 sample. 

Example 9. PuriTxcation of Nonrandom Length Fragments Using Capture Probes 
Nonxandom fragments are purified by annealing to a capture probes The 
capture probe or probes consists of a sequence or sequences complementary to the 
selected target nonrandom lengti: fragments. One metiaod uses the a ft:ll length 
capture probe prepared as described in Example 3. anotiier uses a number of 
Chemically synti:esized capmre probes prepared with biotin covalentiy attached For 
either method the procedure is identical. A 10 sample containing a single full- 
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length biotinylated capture probe or a mixture of smaller, synthetic, biotinylated 
capture probes is mixed with 10 of nonrandom fragments in an annealine buffer 
consisting of 300mM NaCI. lOmM Tris. and ImM EDTA pH 7.5. The mixture is 
heated in a boUing-H.O bath for 10 min. and then quickly placed in an ice-H,0 bath 
The mixmre is then transferred to a pre-heated thermal block at 42 'C (the 
temperamre is adjusted depending on the T. of the capture probe or probes) and 
incubated for 1 hour. The solution is then allowed to cool and then mixed with 
streptavidin-coated magnetic beads. Binding to the beads takes place according to the 
procedure described in Example 3. After the binding step, in place of the^a^ 
denaturation step, the bound, hybridized nonrandom fragments are washed with a 
volatUe buffer such as 1 M NHJICO,. After 6 cycles of resuspension in 1 M 
NHMCO,, magnetic precipitation, and removal of the supernatant, the beads are 

of deionized H,0 and heated to 65 'C for 5 min. in order to 
. ..release die noniandom fragments from the bound biotinylated strand. THe beads are 
quickly precipitated from the warm sohition, and. the^supematant containing dxe 
nonrandom fragments is transferred to another tube. Tl,e solution of nonrandom 
fragments is dried to remove excess volatile buffer and Aen analyzed by mass 
spectrometry as described in Example 11. 

An example of capmre and analysis of nonrandom length fragments is shown 
in FIG. 17. The source DNA in this case is a section of the coding sequence for the 
P53 gene. A 184 base long PGR product is produced as in Example 1, amplifying 
p53 from codon 232 to 292 containing a heterozygous point muution in codon 248 
CC3G- > GAG. The double-stranded PGR product .is digested using the restriction 
enzyme Mnl I under conditions described in Example 5. A full length capmre probe 
of the negative strand is produced as in Example 3. and ti,e nonrandom length 
fragments derived from the positive strand are captured and purified as described 
above. The purified single-stranded fragments are analyzed as described in Example 
11. Shown in HG. 16 are the 5 single-stranded positive fragments produced from 
an Mnl I digest of the wUd type 184 base long PGR produa. By performing single- 
stranded isolation the five similarly sized negative strand fragments are eliminated 
from die spectra and all of the fragments are fiilly resolved. 
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Shown in FIG. 18 is a magnification of the spectra examining the 26 base long 
fragment that, in the heterozygous muution case, contains the G->A mismatch. 
Shown are two clearly resolved peaks with a mass difference of 16 Da. exactly the 
difference between G and A and thus confirming the presence of a mutation. The 
third smaller peak correlates to a salt adduct of the high mass 26 base product and 
emphasizes the need for a process that stringenUy removes salt prior to analysis. 

Example 10. Alternative Purification Method for Mismatch-Specific Nonrandom 
, Length Fragments. .. ■ 


The purification of nonrandom fragments that were produced by a mutation- 
specific cleavage, e.g. chemical cleavage at mismatch sites, can be achieved in an 
alteniative way. In this case the firagmentation is performed on a PGR product that 
<has one solid- phase capturable strand, e.g. containing biotin, and that is also able to 

15 be cleaved from the solid support, e.g. a biidging phosphorothioate linkage contanied 

in the primer region [Mag ct al.. Nucleic Adds. Res.. 19(7): 1437-1441 (1991)], As 
an exanqjle of this method, a PGR reaction is performed as described m Example 1 , 
but with one of the primers containing a 5 *-end .biotin modification and also a 
bridging phosphorothioate linkage located 3-5 bases from the 3'-end, and the other 

20 primer a normal one. After amplification the PGR produa is subjected to a mutation- 

specific fragmentation method directly since, for heterozygous mutations, mismatch- 
containing heteroduplexes are formed in siiu during the PGR. In order to check for 
the possibility of a homozygous mutation, the sample is mixed with an equal amount 
of wild type control, annealed and then subjected to the fragmentation reaction. The 

25 material recovered from the fragmentation reactions is purified and made single- 

stranded by the method described in Example 3. In this case, after the denamring 
step, the products are released from the magnetic beads after several H,0 washes by 
treatment with 5 /tL of 0.02 mM AgNO, and incubating at 45 *G for 15 min. The 
Ag-i- ions are sequestered by the addition of 1 fiL of 100 mM DTT. The samples 

30 are dried to remove excess DTT and then analyzed by mass spectrometry by the 

method described in Example 11. 
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Example u. Mass Spectrometry Analysis. 

The nuceic acid sample to be analyzed is typically mixed wit. an e,^, 

50 1 1^'^^"^°" """""^ " -'^ O-HPA, a,^ 

50 mM dtammomum l,ydtoge„ citrate. Typically a 1 pcaiot, of , , 

apphed to the mass spectrometer sample stage aM aUowed to dty under a Lie 
stream ofnitrogen .as at room tempetatt^e. W,.n t.e sample 1^ completely dn^ 
» fotm cystals (typicaUy 5 mit,.) t.. sample is insettet. into tl. mass ^ectlme^ 
for analysis. ^^^^ ^ ^ JvAG ^ 

laser shots ,s typicany „sed to Obtain a spectran. 8= of 100 

All publications and patent applicaUons memioned in this specification are 
^«n mcotpot^ted by refe™^ „ ^ 3ame extent s if each indivWual publi«Uon 
7^ ™ specifically a«l individually indicated to he incotpotated by 

Skill ^'"T^'^'^^^'^'^-^'^'^-P^ 

the art Chat many changes and modificadons can be made theteto wiZ 

-i-parung fi.m the spirit or scope of the invenUon and the appended cl^ 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

. (i) APPLICANT: MONFORTE, JOSEPH A. 

SHALER, THOMAS A 

TAN, YOPING 

BECKER, CHRISTOPHER H. 

NUCLEIc'^iciDs'^'^^ INVENTION: METHODS OF SCREENING 

SPECTROMETRY USING MASS 

(iii) NUMBER OF SEQUENCES: 3 

•..( iv.) CORRESPONDENCE ADDRESS - • 

(BJ STREET: FIVE PALO ALOTO SQUARE 

r-TTrr, EL CAMINO REAL 

(C CITY: PALO ALTO 

(D STATE: CALIFORNIA 
(E) COUNTRY: USA 

\ •;..^{F)...;:ZIP: ;;:^;;,94306\^ ■, 

(v) , COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Floppy disk 

B COMPUTER: IBM PC^?on5i2?^^^^ 
S SYSTEM : pS5dOS/N^-TO^ 

#1.2S >-^-tIn Rele^Se^^^^ 

(vi) CURRENT APPLICATION DATA- 
(A) APPLICATION NUMBER- 

{^1 "I-ING DATE: MARCH 4, 199 7 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATON DATA 

(A) APPLICATION NUMBER: 60/0X2 752 

(B) FILING DATE: MARCH 4? 1996 

(viii) ATTORNEY/AGENT INFORMATION - 

B SSJ??™'^^^^^ ^' NAKAMUPA 

B REGISTRATION NUMBER: 3 5 966 

(C) REFERENCE/DOCKET NUMBER: 'gNTR-001/0 IWO 

(ix) TELECOMMUNICATION INFORMATION- 
A TELEPHONE: 415-843-5214 

(B) TELEFAX: 414-857-0663 
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(3) 


(4) 
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INFORMATION FOR SEQ ID NO: l: 
(i) SEQUENCE CHARACTERISTICS - 

(C; fpN.ESNlilt%Ll?e 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA, RNA 

(iii) . HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

FEATURE: ' ■ 

(A) NAME/KEY- 

(B) LOCATION: 

(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
NNNGGCCNNN 
INFORMATION FOR SEQ It) nq .. 2: 
(i) SEQUENCE CHARACTERISTICS- 

c JS^ESiSs'sTsfSa 

(D) TOPOLOGY: lineJJ^ 

(ii) MOLECULE TYPE: DNa/ RNA 

(iii) HYPOTHETICAL: YES 

(iv) ANTI -SENSE: NO 

( v) FEATURE : 

(A) NAME/KEY: 

(B) LOCATION: 

(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
C3ACGGCCAAA 

INFORMATION FOR SEQ ID NO: 3; 
(i) SEQUENCE CHARACTERISTICS- 

(C S?^ESSIs'lt%Llfe 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA, RNA 
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(iii) HYPOTHETICAL: YES 

(iv) ANTI -SENSE: NO 

(v) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

tvi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TTTGGCCGTC 


10 


wo 97/33000 

PCT/US97/03499 

65. 

WE CLAnu 

1 A n,e*„d of detccmg „.ucations i„ a «g« „„c,ei= acid comprising, 
obtaining from said btek nucleic arirf , „. r 

c , ■ nonrandom length fragments 

(NLFs, ,„ smgie-soanded fonn, wherein said set comprises IWLFs 
d^nved from one of eidier die posiUve or die negaUve sfand of said 
«rgct nucleic acid or s.id set is a sutee, „, single-st^idcd NLPs 
derived from both the positive and die negative strati of said target 
nucleic acid, s ; 

detennining masses Of the thetn^ 
2. The method of claim 1 wherein 

strandeH MT c ^ °^ set of single- 

.ediod Of Claim 2 wherein said t^etermiiflng ,«p opUonally Sirdier ' 

um,zing ,in«n,alself-cattran,s to provide improved mass ac^^^ . 

1 ^.'^^'"^ ' =r,et nucleic acid i. shigle-s.ra.ded and 

said obtaining step further comprises: 

hybridizing said singlc-stranded target nucleic acid to one or more sets of 
ft=^=ming probes to fom, hybrid target nucleic acid/fragmendng 
^ probe complexes comprising at leas, one douhle^stranded region and 

at least one smgle-stranded region, 
nonrandomly ftagmenting said targe, nucleic acid by cleaving said hybrid 
target nuCeic acid/ftagmenUng probe complexes a. evcy single- 
~ region with a. least o™= single-strai^-specific cleaving reagent 
to form a set of NLFs. " 


15 


s.randed'Ta ^ '"^""■"'^ -i"" 

~e„r T -ybridizarion of said set 

of fragmen..ng probes to said target nucleic acid. 
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6. The method of claim 5 wherein said hybridizing step ftarther comprises- 
providing two sets of single-stranded target nucleic acid and 
separately hybridizing a first set of fragmenting probes to a first set of singie- 
stranded target nucleic acid and a second set of fragmenting probes to 
a second set of single-stranded target nucleic acid, wherein said 
members of said second set of fragmenting probes comprise at least 
one single-stranded nucleotide sequence complementary to regions of 
sa,d target nucleic acid that are not complementary to any nucleotide , 
sequences in any members of said first set of fragmentihg probes/ 

7. The method of claim 6, wherein said member, of said first set of fragmenting 
probes comprise nucleotide sequences that overlap with nucleotide sequences of said 
members of .said second set o^^^^ 

15 8. The method orclaim 4 Wherein said s ^^^^ 

a single-strand-specific endonuclease. 
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9. The mediod of claim 4 wherein said single-strand-specific cleaving reagent 
are smgle-strand specific chemical cleaving reagents. 


10. 


The method of claim 9 wherein said single-strand specific chemical cleaving 
reagents arc selected from die group consisting of hydroxylamine, hydrogen peroxide, 
osmium tetroxide, and potassium permanganate. 

25 11. TTie method of claim 4 further comprising after said nonrandomly fragmenting 

Step: 

hybridizing one or more of said NLFs to one or more capture probes, wherein 
said capture probes comprise a single-stranded region complementary 
to at least one of said NLFs and a first binding moiety, 
binding said first binding moiety to a second binding moiety attached to a 
solid support, wherein said binding occurs either before or after said 
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hybridizing of said NLFs co on. or more capcur. probes, isolating a set 
of single-stranded NLFs. 

12. The method of claim 4 wh^^rp^in 

, , , wherem said fragmenting probes comprise a single- 

nucccdde se^e^ ^ , ^u.. bi„.i„, „oic,y, co 
afrer ^.d non^^on,,,, fr,,^„^^ ^ ^^^^ 

a second bmding moiety attached to a solid support, and 
Kolatii^ said set of singlc,slia^ 


10 13. 


method of Claim 3 wherein said obtaining step further comprises- 
nonrandomlj, fragmemmg said target nucleic acid with one or more r^s^tion 

endonucleases to fom, a se. of NLFs. hybridizing one or mo„ of said 
• • set . of NLFs or a subset the^^ 

.V,, i Wherein each otsaid oUgonucleodde probes comprises a mrcleic acid 
compnsing a single-straMed n=gio, and a firs, bindmg moiety, binding 
sa«l as, bmding moiety to a second binding moiety attached to a solid 

support either before or after said hybridizing step, and isolating said 
set or subset of single-stranded NLFs. 


20 14 


one Of 'iTt " ^ °' oligonucleoddc probes consist of 

one Of etrher .alHengd, positive or mil-length negaUve single strands of sard targ« 
nucleic acid and a first binding moiety. said target 

15. The method of claim 13 wherein said binding between said first binding 
morety and said second birring moie^ is a covaient attactaent. 

«. The meatod of claim 13 wherein one binding tnoiety is a member selected 
ftom the group consisting of an anu^body. a hotmone. an inhibitor, a co-factor 
potron. a binding ligand, and a polynucleotide sequence, and *e odrer binding 
-..ety . a corresponding member selected ftop the group consisting of an antige' 
-pable Of recognizing said antibody, a receptor capable of .cognizing said hormo™= 
an enzyme capable of recognizing said inhibitor, a cofactor enzyme b.nding site 
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capable of recognizing said co-fac:or port.on. a substrate capable of recognizing said 
bmding hgand, and a complementary polynucleotide sequence. 


17. 


The method of claim 13 wherein said isolating ftxrther comprises- 
washing said set of NLFs bound to said solid suppon with a solution 
comprising volatile salts selected from the group consisting of 
ammonium bicarbonate dimethyl ammonium bicarbonate and trimethyl 
ammonium bicarbonate. 


10 18. 


The method of claim 3 wherein said target nucleic acid is single-stranded and 
wherem said obtaining step further comprises: 

hybridizing said single-stranded target nucleic acid to one or more restriction 
site probes to form hybridized target nucleic acids having double- 

said single-stranded target nucleic acid and at least one sm^^^^ 
region, nonrandomly fragmenting said hybridized target nucleic acids - 
usmg one or more lestriction endonucleases that cleave at restriction 
sites within said double-stranded regions. 


20 19. 


The method of claim 18 further comprising after said nonrandomly 
fragmenting step, 

hybridizing said NLFs to one or more capmre probes, wherein said capmre 
probes comprise a single-stranded region complementary to at least one 
of said NLFs and a first binding moiety, binding said first binding 
moiety to a second binding moiety attached to a solid support, wherein 
said binding occurs either before or after said hybridizing of said 
l^s to one or more capture probes, isolating a set of single-stranded 
NLFs. 

20. The method of claim 19 wherein said cleaved restriction site probes comprise 
a smgle-stranded region complementary to half of a restriction endonuclease site and 
a first bmding moiety, and further comprising after said nonrandomly fragmendng 
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.■=P. binding .aid Cr. binding Moiety ,„ a second binding n,oi=,y acuch=d .o a soiid 
suppon, and ,«„acing a «=t of 3ingle-s«i„d=d NLFs. 

ob^inTr :r:oi:r;'' - 

providing conditions p=nnie.ing folding of said singie-s^ded ,a^« nuccic 
acd .o fbnn a tec-di„,«,i„„a. s=ucmr= having inoamolccular 
secondary and lertiary interactions 
; ^ f^S-^n-tag said fol^^ 

--n^-specmc cndonnctase to fonn a s« of stagle-stranded ^aPs 

suci. tJtIt! "T " - ^ingle-s'ttanded NI^s 

«»h that n.en,bers of satd set of singie-strar^ j^Ps con>prise a single^ed 
nucleotide s«^.e„ce and at fcast one flrstbi^ i>= sanded 

ta^dingsaidfebindingrnoi^ytoas^ 
support, and 

isolating said set of single-stranded NLFs. 

said obtaining step further comprises: 

providing conditions petntiting foMing of said single-stranded tat^et nucleic 
ac.d K, fo,^ a tl«e^«,sional structure having intramolecular 
secondary and teniaiy interactions 

^ -■^-'J' ft-sn»«ing said folded target nucleic acid v^^ 

s-cmte-specific endonudease to ft„n a set of single-stranded Ni^s. 

hybridizing one or more of said «f \rr c 

ore or said set of NLFs to one or more capmre probes 

wherein said capnir. probes comprise a single-stranded nucIeoUde 
sequence and a first binding moiety 
binding said first binding moiety to a second binding moiety attached to a soh'd 

suppon either before or after said hybridizing step, and 
isolating a set of single-stranded NLFs. 
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23 The m=mcd Of Claim 2, wherein said isolared se, of singie-s^ded NLFs 
compn« any NLFs having a 5' end of said ■arge, nucleic acid. 

24. The „e^od Of cairn 22 whe^in said i.ola«d se. of single-s«nded ms. 
compnse a^y NLFs having a 5' end of said Brge, nucleic acid. 

25. The method of claim 21 whsT*.;,, 

sel«=t«i fw, K said soucmre-specific endonuclease is 

selected ftom the group consisting of: 

5 -3' exonuclease subunit of thermo-stable polymerases. 

wt f^,^^^ ' said target nucleic acid is single-stranded and 

wherem said obtaming step further comprises: 

hybridizing.said,singte-«^ target ^ucieic.acid to one or more wild type 
probes. 

, °°°^°-y fr=gn.enting said target nucld^^^^^^^ 

specific cleaving reagents that specifically cleave at any regions of 
imcleoti^^ 

of said wild type probes. 

27. The method of claim 26 wherein said ncnrandomly fragmenting step further 
comprises: 

digesting said first set of nonrandom length .fragments with one or more 
restriction cndonucleases or 

cleaving said first set of nonrandom length fragments with one or more single- 
strand-specific cleaving reagents. 
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2S. The n,=U><,d of Claim 26 wherein members of said set of singie.tranded NLFs 
comprise a single-soanded region aad ac least one firs, bindtag moiery, further 
comprtsmg after said nonr^omly ftagmenting step. biMing said flnt binding moiety 
to a second binding moiety attached » a solid suppon. and isoladng a set of single- 

Stranded NLFs. 

29. 'ITie raeAod of claim 26 wherem cnt'r^ ^K. • • 

wnerein said obtaining step ftirther comprises- 

hybridizing members Of said ser of ^aJ^s ^o one or ^.^^ capture probes 

r capture; probes -comprise : a ^ngle-«^^ 

sequence and at least-one first binding moiety, binding said fet 

bmdmg moiety to a second binding moiety attached to a solid suppon 

and isolating a set of single-stranded NLFs. 


30. 


31. 


Il«..method orclaim 26 wherein said obtaini^ 

^olating a set of single-stranded NLFs comprising any NLFs having a 5' end 
of said taiget nucleic acid. _ 

A method of detecting mutations in a target nucleic acid comprising- 
nomandomly fragmenting said target nucleic acid with one or more restriction 
endonucleases to form a set of double-stranded NLFs. wherein said 
nonrandomly fragmenting further comprises using volatile salts in a 
restnction buffer, determining masses of the members of the set of 
double-stranded NLFs. wherein said> determining does not involve 
sequencing of said target nucleic acid. 

32. A method of detecting mutations in a double-stranded target nucleic acid 
comprising: 

nonrandomly fagmenting said targ« nucleic acid using one or more 
restnctton endonucleases to form a first set of nonrandom length 

fragments (NLFs). 

hybridizing members of said first set of NLFs to a set of wild type 

probes, 
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nonrandomly fragmenting one or more member, of said set of NLFs 

or more mutation-specific cleaving reagents that 

specifically cleave at any regions of nucleotide 

mismatch that form between members of said first set 

of NLFs and complementary members of said set of 

wild type probes, wherein said nonrandomly 

fragmenting step forms a second set of NLFs. and 
determining masses of members of said second set of NLFs using mass 

spectrometry . Wherein said determining d 
said target nucleic acid. 

The method of claim 32 further comprising 

obtaining said set of wild type probes by noniandomly fragm^^^ 

; ;/typevtarget micleic acid ising the same restriction endonucleases used 
to form said first set of NLFs. 


34. 


The method of claim 33 wherein said steps of nonrandomly ftagmenting of 
said target nucleic acid and obtaining said set of wHd type fragmenting probes are 
performed simultaneously in a single solution. 


35. 


36. 


The method of claim 32 further comprising before said determining step 
isolating said second set of NLFs wherein said members of said second set 
comprise double-stranded nucleotide sequences and a first binding 
moiety, and binding said first binding moiety to a second binding 
moiety attached to a solid support. 

The method of claim 32 further comprising before said determining step 
isolating said second set of NLFs wherein said isolating comprises hybridizing 
members of said second set of NLFs to one or more capmre probes, 
wherein said capnire probes comprise a single-stranded nucleotide 
sequence and a first binding moiety, binding said first binding moiety 
to a second binding moiety attached to a solid suppon. 
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37. A method of detecring mutations in a target nucleic acid comprising- 

nonrandomly fragmenting said target nucleic acid, using a solution comprising 
one or more volatile salts to form a set of nonrandom length fragments 
(NLFs). 

determining masses of members of said set of NLFs using mass spectrometxy 
wherein said detennining does not involve sequencing of said target 
nucleic acid. 

, A:mfethod of decnasing background^^ 
obtaining a sample to be analyzed by a ma^s spectrometer, 
washing said sample with a solution of volatile ^ts. and 
evaporating the sohition of volatile salts f^^ 

i5 comprising: 

hybridizing one or more sets of fragmenting probes to said target mideic acid 
to form a set of hybrids. 


10 


25 


38. 


cleaving single-stranded regions of members of said set of hybrids. 


20 40 


A kit for detecting mutations in one or more target nucleic acids in a sample 
comprising: ^ 

(a) one or more sets of . fragmenting probes, wherein said fragmenting 

probes are complementary to a sequence of one or more of said target 
nucleic acids; 

(b) a single-strand specific cleaving reagent; and 

(c) a solid support capable of isolating said single-stranded target nucleic 
acids that have been nonrandomly fragmented into single-stranded 
nonrandom length fragments. 

30 41. The kit Of claim 40. wherein said single-surand specific cleaving reagent is a 

smgle-strand-specific chemical cleaving reagent selected from the group consisting of 
hydroxylamme. hydrogen peroxide, osmium tetroxide. and potassium permanganate 
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42. The icir of claim 40. wherein said single-strand specific cleaving reagent is a 
nuclease selected from the group consisting of Mung bean nuclease. Nuclease SI and 
RNase A. ' 


43. A kit for detecting mutations in one or more target nucleic acids in a sample 

comprising: 

(a) one or more sets of restriction site probes, wherein said probes 
comprise a single-stranded sequence capable of hybridizing to a 
sequence of said one or more target nucleic acids; 

(b) or more r^trictioa endonucleases that cleave at restriction 
within said restriction site probes; and 

(c) a solid support capable of isolating said single-stranded target nucleic 
.acids that have been nonrandomly fragmented into single-stranded 
noiirandom length fragments 

44. The kit of claim 43, wherein said restriction endonuclease is a Qass US 
restriction cndonuclcasc. 

45. "n^ldtofclaim 43. wherein said restriction site probe comprises two regions, 
a fir« region that is single-stranded and complementary to a specific sequence within 
saxd target micleic acid, and a second region that is double-stranded and contains a 
restriction recognition site for a Class ns restriction endonuclease. 
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